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THE    TWENTY-FOURTH   ANNUAL   MEETING— 

1918 


THE  Twenty- fourth  Annual  IMeeting  of  The  American  So- 
ciety OF  Heating  and  Ventilating  Engineers  was  held 
in  New  York,  N.  Y.,  in  the  United  Engineering  Society 
Building  on  January  22,  23  and  24,  1918.  It  was  very  successful 
and  well  attended,  considering  the  extreme  weather  conditions  and 
facilities  for  railway  travel  during  that  period  of  what  has  proven 
to  be  one  of  the  coldest  and  most  severe  winters  in  the  history  of 
this  countr>\  The  meeting  was,  like  that  of  the  1918  Semi-Annual 
Meeting,  another  attempt  to  render  concrete  assistance  to  the 
Government,  not  only  in  regard  to  provisions  for  fuel  conservation, 
but  also  in  relation  to  plans  for  the  preservation  of  fruits  and 
vegetables  by  drying  and  this  feature  of  the  meeting  attracted 
great  interest  and  brought  out  a  large  attendance.  The  entertain- 
ment features  of  the  meeting  were  complete  and  well  arranged, 
for  which  credit  is  due  to  the  thoroughness  with  which  the  arrange- 
ments were  made  by  the  Entertainment  Committee  of  New  York 
Chapter  that  had  this  in  charge.  The  attendance  at  the  meeting 
totaled  104  members  and  87  guests. 

The  date  at  which  this  meeting  was  held  represents  a  departure 
from  "the  third  Tuesday  in  January  of  each  year,"  as  specified  in 
the  Constitution  of  the  Society,  which  was  due  to  an  interference 
of  meeting  dates,  which  would  otherwise  have  resulted,  with  the 
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annual  meeting  of  The  American  Society  of  Civil  Engineers  that 
moved  into  the  United  Engineering  Society  Building  late  last  year. 
As  was  announced  in  the  preceding  volume  of  the  Transactions,  the 
question  of  deferring  the  date  of  our  Annual  Meeting  had  been 
thoroughly  discussed  in  the  1917  Annual  and  Semi-Annual  Meet- 
ings and  as  a  result  it  had  been  decided  at  the  latter,  to  defer  our 
regular  meeting  date  until  the  fourth  week  in  January  at  which 
time  there  would  be  no  interference  with  the  meeting  dates  of  any 
other  organization. 

The  Meeting  consisted  of  the  usual  six  sessions,  of  which  four 
were  devoted  to  special  topics  of  unusual  interest  at  this  time,  as 
follows : — Drying ;  Fuel  Conservation ;  Code  for  Testing  Low- 
Pressure  Heating  Boilers ;  Warm  Air  Furnaces.  These  topical  ses- 
sions and  the  remaining  professional  papers  which  were  of  excep- 
tional interest,  combined  to  attract  large  attendances  throughout 
the  Meeting.  At  the  Boiler  Testing  Code  session,  there  was  the 
notable  accomplishment  for  which  the  Society  had  been  striving 
for  many  years,  namely,  the  full  agreement  upon  a  standard  Code 
for  the  Testing  of  Low-Pressure  Heating  Boilers,  which  becomes 
effective  for  the  year  1918,  then-  to  be  brought  up  for  another 
Hearing  and  further  discussion  at  the  succeeding  Annual  Meeting 
to  determine  if  there  is  need  of  any  changes.  Below  is  given  the 
program  of  professional  papers  and  special  sessions,  and  after  that, 
the  Committee  report  of  major  importance  at  the  Meeting,  the 
Report  of  the  Committee  on  Research  Bureau. 

PROGRAM 

FIRST   SESSION 

Tuesday,  January  22,  2  P.  M. 
Business  Session : 

Announcement  of  a  quorum. 

Appointment  of  the  tellers  of  annual  election  of  officers. 

Address  of  the  President. 

Reports  of  the  Council,  Secretary,  and  Treasurer. 

Reports  of  Committees. 

Unfinished   business. 

Report  of  tellers  of  annual  election. 

New  business. 

Professional  Session  : 

What  We  Do  and  Don't  Know  About  Heating,  by  John  R.  Allen. 

SECOND  SESSION 

Tuesday,  January  22,  8  P.  M. 
Drying  Session : 

Address  by  H.  C.  Gore,  Che./iist,  Dept.  of  Agriculture. 

High  Temperature  Drying,  by  B.  S.  Harrison. 

The  Temperature  of  Evaporation,  by  W.  H.  Carrier. 
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third  session 

Wednesday,  January  23,  2  P.  M. 

Fuel  Conservation  Session : 

Address  by  L.  P.  Breckenridge,  representing  U.  S.  Fuel  Administrator. 
Address  by  O.  P.  Hood,  Chief  Engineer,  Bureau  of  Mines. 
Economy  in  Fuel,  by  Perry  West. 
Fuel  Conservation,  by  \Vm.  M.  Mackay. 

FOURTH    SESSION 

Wednesday,  January  23,  8  P.  M. 

Professional  Session : 

General  Discussion  of  Report  of  Committee  on  Code  for  Testing  Low 
Pressure  Heating  Boilers. 

FIFTH     SESSION 

Thursday,  January  24,  10  A.  M. 
Fur)iacc  Session  : 

Address  by  D.  Rait  Richardson. 

The  Engineering  of  Warm  Air  Furnace  Heating,  by  M.  Wm.  Ehrlich. 

Answering   Fuel    Xeeds    with    a    New    Gas    Heating    System, .  by    G.    S. 

Barrows. 
Dust;  Its  Universality,  Elimination  and  Conservation,  by  E.  R.  Knowles. 

SIXTH    SESSION 

Thursday,  January  24,  2  P.  M. 
Professional  Session  : 

The    Preservation    of    Hot    Water    Supply    Pipe,    by   F.    X.    Speller   and 
R.  G.  Knowland. 

Relation  of  Hot  Water  Service  Heating  to  Various  Types  of  Buildings, 
by  H.  L.  Alt. 

Calculations   and  Analysis   of   a   Compound   Gravity   Low-Pressure   Hot 

Water  System,  by  A.  J.  Wells. 
Measurements  of  Low-Pressure  Steam  L'sed  for  Heating  the  Buildings 

of  the  University  of  Michigan,  by  J.  E.  Emswiler. 
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REPORT  OF  COMMITTEE  ON  RESEARCH 
BUREAU 

This  Committee  was  appointed  at  the  Annual  Meeting  of  1917 
and  made  a  report  at  the  Semi- Annual  Meeting  in  Chicago,  last 
July.  No  definite  disposition  was  made  of  the  matter  at  that  time, 
and  the  Committee  was  asked  to  continue  and  report  at  this  meeting. 

Much  further  consideration  has  been  given  the  subject  and  we 
beg  to  report  as  follows : 

First:  That  there  is  no  question  in  the  minds  of  your  Committee 
that  the  heating  and  ventilating  industry  is  greatly  in  need  of 
specific  determinations  bearing  upon  the  co-ordination  and 
standardization  of  the  practices  of  this  art  and  that  The 
•  American  Society  of  Heating  and  Ventilating  Engineers 
is  the  proper  organization,  not  only  to  perform  some  of  this 
work,  but  to  assume  the  direction  and  encouragement  of  such 
of  this  work  as  should  properly  be  done  by  others. 

Second:  That  the  Society  itself  is  in  need  of  some  fundamental 
common  cause  upon  which  the  energies  and  interests  of  its 
members  can  be  centered,  and  which  would  increase  the  vigor 
and  health  of  the  Society  and  place  it  in  the  position  which  it 
should  occupy  among  the  affairs  of  men. 

Third:  That  there  is  no  greater  work  before  the  Heating  and 
Ventilating  Engineers  than,  1st — a  determination  of  the  stand- 
ards and  practices  which  will  turn  to  best  economic  account  the 
various  apparatus  which  are  available  for  use  in  connection 
with  this  work ;  2d — the  co-operation  with,  and  direction  of, 
manufacturers  in  the  determination  of  reliable  data  as  to  the 
performance  of  their  apparatus  and  the  further  development 
of  this  apparatus  to  best  meet  requirements,  and  3d — the  edu- 
cation of  the  consumer  and  others  with  whom  we  come  into 
business  contact  along  the  lines  of  better  co-operation  and  as 
to  what  we  are  attempting  to  do. 

Fourth:  That  the  Society  should  take  immediate  steps  to  put  the 
proper  forces  into  operation  to  accomplish  the  above  results. 

Our    specific    recommendations    as    to   the    ways   and    means   of 
going  about  this  undertaking  are  as  follows : 

A.  That  the  President  of  the  Society  be  authorized  to  appoint  a 
Committee,  consisting  of  the  Treasurer  of  the  Society  and  two 
other  members  (approved  by  the  Council),  to  raise  a  fund  by 
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a  popular  subscription  of  not  less  than  $25.00,  nor  more  than 
$100.00  from  any  one  person  outside  of  membership  and  of  any 
amount  from  members ;  the  same  to  be  paid  annually  for  a 
period  of  five  (5)  years;  this  fund  to  aggregate  not  less  than 
$3,600.00  per  year,  nor  more  than  $5,000,000  per  year;  the 
same  to  be  known  as  the  Research  Laboratory  Fund  and  to  be 
used  as  hereinafter  specified. 

This  fund  is  to  be  collected  upon  the  following  basis :  That  the 
heating  and  ventilating  engineering  profession  as  well  as  those  asso- 
ciated with  or  interested  in  it,  can  well  afford  to  pay  for  definite 
determinations  of  a  standard  working  basis  for  all.  That  the  work 
to  be  undertaken  shall  include  broad  principles  only,  and  such  as  are 
applicable  to  the  use  of  all  classes  and  makes  of  apparatus  without 
fear  or  favor  for  any.  That  the  immediate  work  of  the  laboratory 
shall  consist  of  determinations  of  the  conditions  to  be  met  and  the 
best  methods  of  meeting  same  with  available  apparatus  and  only 
concern  itself  in  the  apparatus  itself  insofar  as  to  co-operate  with 
manufacturers  in  ha\'ing  them  test  and  develop  their  own  apparatus 
along  lines  to  best  meet  these  requirements.  Contributions  will  in- 
volve no  obligation  beyond  that  of  the  donor  to  his  profession  or  best 
interests  in  the  arts  of  heating  and  ventilation. 

Among  examples  of  some  things,  the  laboratory  might  undertake, 
are  the  following:  Co-ordination  of  existing  data;  standards  of  heat- 
ing and  ventilating;  how  fast  and  to  what  degree  buildings  cool  down 
over  night  and  holidays ;  the  rate  and  load  during  heating  up  periods ; 
what  is  a  reasonable  amount  of  attention  required  by  apparatus,  etc. 

Among  examples  of  some  of  the  things  the  laboratory  might  ask 
manufacturers  to  furnish  are :  The  rate  of  evaporation  and  economy 
of  a  boiler  at  minimum  efficiency  and  at  maximum  load  and  the 
draft  and  period  of  firing  in  each  case;  the  exact  surface  and  trans- 
mission factors  for  radiators  and  the  effect  of  locations  on  this ;  fan 
performances ;   engine  performances,  etc. 

B.  That  the  Council  of  the  Society  be  authorized  to  make  all 
arrangements  for  and  to  appoint  a  Director  for  this  Research 
work,  at  a  salary  of  not  more  than  $3,600.00  per  year ;  this 
Director  to  have  charge  of  and  take  over  all  of  the  work  of 
this  undertaking  under  the  direction  of  the  Council,  provided, 
however,  that  no  such  appointment  or  arrangernents  shall  be 
entered  into  until  the  above  mentioned  fund  for  same  is 
secured,  and  an  arrangement  can  be  perfected  which  would  be 
for  the  best  interests  of  the  Society.  This  work  is  to  be  car- 
ried on  in  conjunction  with  some  University  or  Universities 
of  national  repute,  or  the  proper  Governmental  departments, 
or  both,  as  may  be  decided,  for  the  best  interests  of  the  So- 
ciety. (All  such  matters  not  otherwise  specified  to  be  within 
the  entire  discretion   and   jurisdiction   of  the   Council.)      Any 
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funds  collected  in  excess  of  the  Director's  salary  and  not  in 
excess  of  $5,000.00  per  year,  to  be  used  by  the  President  and 
the  Council  for  defraying  other  expenses  incident  to  this  under- 
taking, or  to  be  allowed  to  accumulate  as  a  contingency  fund 
for  this  work  as  conditions  may  warrant.  Any  and  all  funds 
subscribed  or  collected  in  excess  of  $5,000.00  per  year  to  be 
cancelled  or  returned  on  a  pro  rata  basis. 

C.  That  the  work  of  this  department  be  confined  to  the  co-ordina- 
tion and  tabulation  of  existing  data  and  to  such  research  work 
as  would  naturally  fall  within  the  province  of  heating  and 
ventilating  engineers  to  determine,  and  to  the  organization  and 
promulgation  of  a  plan  whereby  manufacturers  may  be  directed 
and  co-operated  with  in  conducting  such  research  and  testing 
work  as  will  produce  the  required  definite  data  as  to  the  per- 
formance of  their  various  apparatus  and  the  proper  develop- 
ment of  same  in  connection  with  the  art  of  heating  and  ven- 
tilating work. 

D.  That  this  work  shall  only  be  undertaken  on  the  condition  that 
some  reputable  University  or  governmental  department  can  be 
arranged  with  to  furnish  the  necessary  accommodations,  appa- 
ratus and  co-operation  to  satisfy  the  Council  that  this  under- 
taking may  have  the  necessary  co-operation  to  make  it  a  success. 

E.  That  the  Director  of  this  work  be  required  to  report  monthly 
to  the  Council  as  to  the  work  and  findings  of  this  Bureau. 
Such  reports  or  data  therefrom  is  to  be  edited  and  published  by 
the  Council,  through  the  Publication  Committee,  from  time  to 
time  in  the  Journal  of  the  Society  as  official  conclusions  of 
The  American  Society  of  Heating  and  Ventilating  Engi- 
neers upon  the  various  subjects  handled  by  the  Bureau. 

Perry  West,  Acting  Chairman. 

Geo.  W.  Barr, 
Harry  M.  Hart, 
Committee  on  Research    J.  D.  Hoffman, 
Bureau —  !Wm.  F.  McDonald. 

Wm.  W.  Macon, 
J.  W.  H.  Myrick, 
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HIGH  TEMPERATURE  DRYING 

By  Burt  S.  HarrisonS  Brooklyn,  N.  Y. 
Non-Member 

BY  popular  usage  the  term  Drying  may  include  desiccation,  de- 
hydration, distillation,  concentration,  oxidation,  baking,  cal- 
cining, chemical  actions  due  to  heat,  catalytic  actions  due  to 
heat  and  the  presence  of  a  catalyzer  agent,  and  in  fact  numerous 
processes  which  have  no  other  connection  with  actual  drying  than 
that  incidentally  there  may  be  some  moisture  present  on  fehe  start 
which  is  quickly  driven  off  by  the  heat. 

Even  the  term  "high  temperature"  is  purely  relative.  A  tem- 
perature of  200  deg.  fahr.  is  high  temperature  in  a  process  where 
for  100  years  or  more  the  standard  of  temperature  has  been  from 
120  to  140  deg.  fahr. 

On  the  other  hand,  in  one  instance,  where  producer  gas  of  120 
B.t.u.  value  was  being  burned  in  a  brick  oven  with  a  temperature  of 
combustion  of  1900  deg.,  we  heated  the  air  for  combustion  and  the 
gas  separately  to  1000  deg.  fahr,  and  then  burned  them  with  a  re- 
sultant temperature  of  combustion  of  3100  deg.  fahr.,  as  shown  by 
Seger  cones  and  the  Wilson-Maeulin  platinum-rhodium  couple.  The 
first  step — the  heating  of  the  gas  and  air  to  1000  deg.,  comes  under 
the  heading  of  high  temperature  heating ;  the  second  step — the  burn- 
ing at  3100  deg.,  comes  under  the  head  of  high  temperature  com- 
bustion. 

The  range  from  200  to  1000  deg.  is  what  we  term  High  Tempera- 
ture Work  as  applied  to  commercial  drying  or  processing. 

It  is  a  well  known  fact  that  if  a  pound  of  coal  is  burned  free  in  a 
large  room,  the  combustion  will  be  very  slow,  if  indeed  it  does  not 
cease  altogether,  though  the  volume  of  oxygen  in  the  room  is  ample 
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for  the  purpose.  On  the  other  hand,  if  the  coal  be  confined  in  a  small 
chamber  and  the  same  volume  of  air  be  passed  rapidly  over  it  in  a 
thin  stream,  the  combustion  will  be  very  rapid.  The  rate  of  com- 
bustion will  depend  directly  upon  the  rate  of  oxygen  supply  to  the 
flame,  the  rate  of  heat  absorption  of  the  fuel  and  inversely  upon 
the  heat  radiation  loss  from  the  fire. 

Oxidation  is  only  slow  combustion ;  therefore  the  same  rule 
holds.  In  other  words,  oxidation  in  an  oven  depends  upon  tem- 
perature and  actual  contact  with  the  surface  of  the  materials.  With- 
out that  contact,  it  will  be  only  by  the  slow  and  uncertain  process  of 
diffusion  that  the  oxygen  can  reach  the  material.  It  is  analogous  to 
the  New  Yorker  who  needs  coal  and  knows  that  there  is  plenty  at 
the  mines,  but  because  that  supply  is  not  close  enough  to  him  for 

T.ABLE    1.       RELATIVE   EVAPORATIOX    RATE   FROM    WATER   SURFACES   DUE 

'  TO  AIR  MOTION 

Med.  Ai'ea 


Large  Area 

(25  sq.  ft.) 

Small  Area 

Still    air    1 

1.5 
3.5 

3 

250  ft.  v.p.m 3 

4 

800  ft.       "     (any  area)  . . . 

4.5 

1000  ft.       "         "         "... 

4.8 

2500  ft       "         "        "... 

8.1 

4000  ft.      "         "        "... 

12.6 

intimate  contact,  he  waits  for  the  arrival  of  small  quantities  over 
a  system  of  freight-clogged  railroads.  Furthermore,  as  the  freight 
leaving  New  York,  in  the  direction  of  the  coal  mines,  interferes  with 
the  arrival  of  the  coal  by  clogging  the  line,  so  the  gases  given  off 
from  the  oxidizing  surfaces  further  retard  and  dilute  the  effects 
of  diffusion  in  a  drier. 

Where  the  problem  is  one  of  evaporation  instead  of  oxidation, 
these  conditions  still  hold  good,  though  not  quite  to  the  same  extent 
unless  the  moisture  has  to  be  pulled  from  a  material  which  gives  it 
up  reluctantly.  Tables  1  and  2  give  the  relative  eft'ects  of  increased 
temperatures  and  of  increased  velocities  of  air  over  water  evaporat- 
ing surfaces.  They  are  the  application  to  our  own  use  of  figures 
by  Box  and  Dalton,  modified  in  accordance  with  the  results  of  our 
own  tests. 

If  the  air  velocity  and  the  temperature  are  both  increased,  the 
relative  evaporation  rate  is  a  product  of  both  factors. 

If  the  moisture  or  liquid  to  be  evaporated  is  easily  accessible  to  the 
air  in  the  drier  (i.e.,  not  held  inside  of  a  fibre,  or  by  capillary  at- 
traction, or  by  a  deliquescent  material)  there  is  no  economy  in 
holding  a  higher  working  temperature  than  212  to  220  deg.  fahr., 
provided  an  ami)le  volume  of  heat  be  supplied.  An  excess  of  heat 
above  what  is  required  to  evaporate  the  liquid  will  only  superheat  its 


High  Temperature  Drying,  B.  S.  Harrison  9 

vapor,  which  is  ordinarily  needless,  unless  to  preclude  any  possibility 
of  recondensation  to  the  detriment  of  the  material  being  dried. 
Speed  may  count  for  more  than  economy  in  the  drier,  when  the 
output  of  a  plant  can  be  doubled  with  no  additional  overhead  cost. 
Then  the  working  temperature  in  the  drier  can  be  raised  to  advan- 
tage. When  I  say  working  temperature  of  a  drier,  I  mean  the  main- 
tained temperature  and  not  the  air  supply  temperature.  Of  course, 
in  a  progressive  drier  the  working  temperature  at  one  end  is  the 
temperature  of  the  entering  air  and  at  the  other  end,  is  that  of  the 
effluent  air. 

The  time  for  drying  any  material  is,  as  before  stated,  governed  by 
the  temperature,  volume  of  air  and  the  proper  contact.  The  term 
"contact"  covers  the  rapid  motion  of  the  air  over  the  surface  of  the 

TABLE  2.      RELATIVE  EVAPORATION  RATE   FROM    WATER  SURFACE 
DUE  TO  HEAT 

32°   F.  temp,  of   water  and  air     1 

52°  2 

72°  4 

92°  8 

112°  16 

132°  27 

152°  44 

175°  71 

195°  '                      135 

212°  165 

material.  In  other-  words,  given  the  highest  temperature  which  the 
material  will  stand,  and  with  a  proper  amount  of  heated  air  supplied 
to  the  oven,  if  it  is  moved  over  the  surface  of  the  material  so  as  to 
get  equal  distribution  and  good  contact  with  the  drying  surfaces  by 
means  of  a  stiff  velocity,  the  time  of  drying  will  be  reduced  to  a 
minimum. 

To  get  this  desired  velocity  of  air  over  the  surface  without  having 
to  supply  an  excessive  amount  of  air,  we  use  where  possible  agi- 
tator fans  within  the  driers.  In  some  cases  5  or  6  of  such  fans  to  one 
air  supply  fan,  which  handle  the  air  over  and  over  until  it  has 
reached  all  surfaces  and  has  picked  up  all  the  water  vapor  it  can 
carry  or  has  given  up  all  the  oxygen  it  can  readily  give. 

Another  point  in  favor  of  uniform  distribution  and  high  velocities 
is  that  if  the  gases  given  oft'  are  explosive  or  inflammable,  the  more 
quickly  they  are  removed  the  better.  An  explosive  gas  with  a  small 
amount  of  air  in  a  dead  space  is  almost  sure  to  ignite  spontaneously 
as  soon  as  the  proper  mixture  is  reached  at  high  temperature.  The 
same  gas  if  kept  in  motion  will  not  readily  ignite,  and  if  it  does, 
it  simply  flashes  without  explosive  effect. 

The  gases  given  off  from  the  lower  surfaces  in  an  oxidizing  oven, 
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particularly  if  the  oven  is  overloaded  or  packed  too  closely,  will, 
if  allowed  to  stand,  often  dissolve  and  wipe  off  clean  the  coated  sur- 
faces from  the  goods  above,  in  the  case  of  japans,  and  if  the  colors 
are  light  linseed  oil  mixtures,  these  gases  will  always  discolor  them 
if  not  removed  quickly.  The  tendency  of  these  gases  is  to  cling  to 
the  surfaces  from  which  they  emanate  and  prevent  the  air  reaching 
them. 

In  any  drying  system  where  there  are  no  critical  temperatures,  the 
admissible  maximum  working  temperature  is  that  above  which  the 
actual  gain  in  speed,  or  output  due  to  the  increased  temperature,  is 
less  in  proportion  than  the  increased  cost  of  operation  due  to  the 
increased  temperature.  Within  the  same  temperature  limits  of  the 
material,  many  materials  produce  much  better  results  when  dried 
quickly  at  high  temperature,  as  follows : 

Linseed  oil  bright  colors  dried  at  low  temperature  will  fade,  while 
if  baked  in  moving  hot  air  they  will  hold. 

A  material  carrying  oleic  or  fatty  acids  and  ferments,  if  dried 
slowly,  will  not  give  up  all  of  either,  while  under  the  high  heat  all  the 
ferments  are  given  up  and  all  but  a  trace  of  the  fatty  acids.  Fer- 
ments alone,  even  if  not  entirely  drawn  off  by  high  heats,  lose  their 
power  to  act. 

In  the  case  of  some  fruits  or  vegetables,  a  relatively  low  tempera- 
ture at  high  velocity  is  better  than  too  high  a  temperature,  but  too 
low  a  temperature  and  too  long  a  time,  give  a  tough  product. 

The  skin  of  plums  or  prunes  must  be  punctured,  and  in  the  case 
of  figs  a  gelatinous  layer  under  the  skin  must  be  broken  or  they  will 
never  dry  at  any  temperature,  but  will  cook  and  turn  color. 

In  the  case  of  semi-liquids,  pastes  or  slimes,  the  time  varies  con- 
siderably according  to  whether  they  are  in  suspension  or  solution. 
Anything  in  the  nature  of  a  glucoside  usually  dries  quite  slowly. 

A  delicate  vegetable  fibre  will  sometimes  scorch  or  toast  at  com- 
paratively low  temperatures  in  contact  with  metal  or  in  the  presence 
of  CO2  gas,  while  in  pure  air  it  will  stand  a  much  higher  temperature 
without  any  scorching.  Foods  may  be  cooked  in  moving  hot  air 
without  radiant  heat,  but  to  toast  or  brown  them,  requires  CO^  gas  in 
the  hot  air  supplied. 

Milk  or  eggs  desiccated  at  120  to  150  deg.  on  a  drum,  are  not 
dried  uniformly  and  in  many  cases  a  2  per  cent  solution  of  acetic 
acid  or  formaldehyde  is  added  to  preserve  them;  at  higher  tem- 
peratures they  cook  when  dried  this  way.  But  when  atomized  into 
air  at  even  300  deg.  fahr.,  they  dry  in  one  or  two  seconds  to  a  powder 
of  absolute  uniformity  which  requires  no  preservative  and  which 
will  a  year  afterward  readily  dissolve  in  ice  water,  in  a  few  moments. 
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Hay,  alfalfa,  pifine  grass  and  clover,  when  dried  in  20  minutes  at 
300  deg.  in  moving  air,  keep  their  original  color  and  odor  and  have 
lost  all  ferments. 

Copra  (dried  cocoanut  meat),  dried  slowly  at  150  deg.  or  less, 
retains  oleic  acid  and  ferments  and  will  slime  and  mould  in  moist 
hot  air,  while  if  dried  at  high  temperature  in  rapidly  moving  air 
(155  to  200  deg.  fahr.)  loses  its  ferments,  contains  about  3/10  of 

1  per  cent  of  oleic  acid,  69  per  cent  of  highest  grade  Cochin  oil  in- 
stead of  59  per  cent,  and  will  not  slime.  It  will  keep  at  least  one 
year  (as  we  have  proven)  without  deterioration,  and  maggots  and 
copra  bugs  will  not  touch  it.  Any  one  who  has  once  smelled  rancid 
copra  will  appreciate  what  this  means. 

Acetic  acid  vaporized  and  superheated  to  1022  deg.  fahr.  (the 
temperature  of  dissociation  of  the  steam)  will  condense  at  the  dis- 
charge side  of  the  system  as  acetone,  the  CO-  escaping. 

Asphalt  japan  coatings  raised  from  250  to  400  deg.  fahr.  will 
give  up  the  petrolene,  residuum  oil  or  olher  vehicle,  and  harden  in 

2  to  3  hours. 

Starch  dried  at  180  deg.,  moistened  with  diastase  or  dilute  acid 
and  raised  to  400  deg.,  will  in  8  hours  turn  to  dextrine  and  at  higher 
temperatures  to  dextrose. 

Anthracene  and  creosote  oil  compounds  bake  to  form  electric 
insulation  articles  in  8  to  10  hours,  while  the  lighter  compounds,  as 
coatings  on  paper  and  cloth,  bake  at  about  300  deg.  in  a  few 
moments. 

Nitrites  are  made  with  air  at  500  to  600  deg. 

The  drying  of  insulation  blocks  of  asbestos,  magnesia,  and  kiesel- 
guhr  or  diatomaceous  earth  in  sheets,  4  in.  thick,  takes  weeks  at 
low  temperatures  and  with  radiant  heat,  and  requires  days  at  higher 
temperatures  wnth  direct  flame,  gas  heat ;  but  w'ith  hot  air  at  high 
velocity  at  600  to  800  deg.  fahr.  they  dry  in  8  hours. 

In  the  dehydration  or  desiccation  of  some  fruits  and  vegetables 
the  oxidation  of  the  contained  enzymes  or  unorganized  ferments, 
discolors  the  product  so  that  peaches  and  apples  turn  brown  and  po- 
tatoes black.  This  does  not  in  the  least  hurt  the  product  but  the 
people  do  not  like  the  looks,  so  it  is  then  treated  with  fumes  of 
burning  sulphur  or  other  bleaching  agent,  the  discoloration  is  en- 
tirely removed  and  the  product  has  a  complexion  as  glaring  and 
artificial  as  that  of  some  of  the  women  who  buy  it.  In  taste,  how- 
ever, it  is  unsatisfactory.  Sulphur  dioxide  was  never  intended  for 
human  food. 

Dr.  Harvey  W.  Wiley,  authority  on  pure  foods,  says:  "Sulphur 
fumes,  as  I  discovered  in  my  experimental  work  with  young  men, 
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arc  highly  deleterious  to  health  and  should  he  excluded  from  oh- 
jects  of  human  food." 

In  the  case  of  some  vegetable  fdjres  which  give  up  the  contained 
water  very  reluctantly,  if  the  sulphur  treatment  is  given  prior  to 
drying,  the  sulphur  dioxide  seems  to  take  up  some  water  and  forms 
sulphurous  acid  which  attacks  the  fibre  and  causes  it  to  give  up  the 
remaining  water  quite  readily,  thus  materially  reducing  the  time 
of  drying.  Whether  there  remains  a  trace  of  the  acid  after  drying, 
I  do  not  know. 

When  the  pure  food  laws  are  extended  and  enforced  to  prevent 
the  sale  of  sulphur  treated  dried  foods,  there  will  be  a  large  field 
for  the  production  of  wholesome  desiccated  fruits  and  vegetables. 
I  am  told  that  80  per  cent  of  the  fresh  fruit  crop  and  40  per  cent 
of  the  fresh  vegetable  crop  in  this  country  are  annually  wasted. 

DESIGN  OF  HIGH   TEMPERATURE  INST.\LL.\TIONS 

In  installing  high  temperature  plants  each  installation  is  distinctive 
and  controlled  by  numerous  controlling  conditions.  The  plant  is 
laid  out  for  a  maximum  of  speed  or  output,  and  to  attain  this  pre- 
supposes all  governing  conditions  to  be  favorable.  The  size,  weight, 
shape  and  disposition  of  the  material  in  the  oven,  and  the  propor- 
tion of  free  space  have  an  efifect  on  the  result. 

The  specific  gravity  and  thickness  of  a  coating,  and  the  method  of 
mixing  a  coating  or  a  compound  have  an  effect,  and  sometimes  a 
small  variation  in  the  composition  or  in  the  quality  or  purity  of  one 
element  will  prevent  proper  results,  and  above  all,  the  human  equa- 
tion has  to  be  considered.  A  certain  firm  w^orked  up  a  material 
which  had  to  be  dried  in  slabs.  The  laboratory  samples  dried  uni- 
formly and  within  the  desired  time  limits  in  the  drier,  at  a  certain 
temperature.  When  it  was  tried  on  a  commercial  scale,  half  of 
each  batch  refused  to  dry  properly  and  the  other  half  did  not  have 
all  the  properties  of  the  samples.  The  measures  or  gauges  for  the 
different  elements  were  checked  and  found  to  be  exact.  The  ele- 
ments were  analyzed  and  found  to  be  of  a  standard.  Finally  a 
watch  was  put  on  the  man  at  the  mixer. 

Of  all  the  elements  which  entered  the  compound,  two  were  vital 
as  they  together  formed  the  binder,  which  of  course  should  be  dis- 
tributed evenly  throughout  the  mass.  He  was  putting  them  in  sep- 
arately at  opposite  ends  of  the  mixer,  running  the  machine  forward 
for  a  few-  moments  and  then  backward  for  the  same  time.  The  re- 
sults were  that  these  two  ingredients  never  became  intermixed. 
By  putting  these  elements  into  the  centre  of  the  mixer  together. 
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the  blocks  dried  perfectly  with  all  the  characteristics  of  the  labora- 
tory samples.  Several  people  lost  considerable  sleep,  however,  be- 
fore the  trouble  was  discovered. 

It  has  been  said  that  laboratory  experiments  do  not  tell  the  true 
story  regarding  an  installation  on  a  commercial  scale.  But,  if,  during 
the  laboratory  tests,  the  controlling  conditions  are  made  to  approxi- 
mate those  of  the  commercial  operation,  they  should  and  do  tell 
the  exact  truth.  All  governing  conditions,  critical  temperatures,  time 
limits  for  chemical  reactions,  if  any,  and  all  data  on  the  character  of 
the  materials  to  be  handled,  should  be  in  hand  for  study  before 
laying  out  the  system. 

Unfortunately,  however,  in  most  cases  where  high  temperature 
drying  can  be  applied  to  best  efifect,  the  client  is  either  reluctant  to 
give  up  any  data  for  fear  of  giving  away  trade  secrets,  or  he  does 
not  know  many  of  the  characteristics  of  the  materials  he  handles. 

All  chemical  actions  are  effected  by  heat,  and  the  most  of  them 
are  not  completed,  and  some  will  not  even  start  at  all,  without  a 
certain  critical  temperature  of  heat.  In  the  case  of  metathesis, 
where  two  separate  chemical  combinations  are  broken  up  and  two  or 
more  totally  different  combinations  are  formed  by  the  interchange  of 
the  elements  of  both  groups,  there  are  several  actions  or  reactions 
at  once.  There  seems  to  be  no  data  on  how  much  heat  is  absorbed 
by  these  actions. 

Strange  to  say,  in  the  case  of  many  of  the  liquids,  oils,  gums,  etc.. 
in  use  for  commercial  processes,  the  specific  heat,  and  latent  heat  of 
evaporation  and  fusion,  are  unknown  and  one  has  to  assume  them 
to  be  the  same  as  for  water.  Also  a  gum  which  will  only  melt  when 
in  bulk  subjected  to  a  temperature  of  450  deg.  fahr.,  as  in  a  kettle, 
will  carbonize  when  subjected,  as  a  thin  coating,  to  a  temperature 
of  250  deg.  fahr. 

It  is  therefore  necessary  to  do  a  considerable  amount  of  testing 
in  the  laboratory  in  order  to  establish  the  controlling  conditions  in 
each  case.  The  usual  result  is  that  when  we  have  succeeded  in  fix- 
ing the  critical  temperatures,  time  limits,  etc.,  and  have  cut  the  time 
for  processing  in  half,  the  client  immediately  begins  to  figure  where 
he  can  save  some  more  money  in  the  process  and  by  the  time  the 
system  is  installed  we  find  he  has  substituted  creosote  oil  for  an- 
thracene oil.  or  fish  oil  for  linseed  oil,  or  he  works  in  a  non-harden- 
ing hydro-carbon  oil,  uses  clay  instead  of  magnicite,  or  in  the  case  of 
a  coating,  puts  it  on  twice  as  thick  and  makes  one  coat  do  for  two. 

In  many  cases  the  w^hole  chemical  formula  is  changed  and  not- 
withstanding the  characteristics  of  the  new  material  or  coating,  are 
totally  different  from  the  old,  the  manufacturer  expects  the  results 
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to  correspond  to  the  laboratory  demonstration.  From  the  manufac- 
turer's point  of  view  this  is  a  good  thing  for  it  sometimes  enables 
him  to  cheapen  the  unit  cost  of  his  raw  material  as  well  as  increas- 
ing the  output  by  omitting  elements  which  were  required  for  the 
proper  hardening  at  low  temperatures  while  not  for  the  high.  But 
it  leaves  the  engineer  rather  in  the  air  until  things  have  settled  down 
to  a  standard  of  operation. 

Hot  dry  air  sometimes  carries  static  electricity  in  a  drier.  This 
can  often  be  overcome  by  putting  a  small  steam  spray  into  the  ai- 
supply.  Of  course,  this  has  to  be  taken  care  of  in  the  amount  of 
heat  supplied,  as  the  steam  must  be  superheated.  A  glucoside  oi 
a  gum  dried  to  a  powder  by  atomizing  the  solution  through  a  current 
of  heated  air  will  come  down  so  charged  with  static  electricity  that 
it  cannot  be  put  into  a  glass  bottle.  Fabrics  coated  in  an  oven 
over  a  carding  roll  become  so  charged,  even  with  well-grounded  coat- 
ing machines,  that  a  static  neutralizer  is  sometimes  required  to  kill 
the  effect. 

In  many  processes  the  materials  leaving  the  oven,  when  done,  are 
soft  from  the  heat  and  have  to  be  conditioned  in  dry  air.  If  the 
conditioning  air  is  at  too  low  a  temperature,  the  goods  will  sweat  and 
mould.  The  air  should  be  as  dry  as  possible  but  at  normal  tem- 
perature. 

Linseed  oil  and  varnish  coatings  which  in  commercial  practice  on 
large  scale  and  in  low  temperatures  of  155  to  160  deg.,  require  8 
hours  to  dry,  will  dry  in  lyi  to  2  hours  with  the  drier  effluent  at 
220  deg.  fahr.,  the  air  entering  at  300  to  350  deg.  fahr.  By  the  ad- 
dition of  free  oxygen  I  have  dried  them  in  the  laboratory  in  30 
minutes. 

In  drying,  the  linolein  of  linseed  oil  takes  up  oxygen  which 
changes  the  linoleic  acid  to  linoxin,  giving  up  glycerin  which  dis- 
appears as  water  vapor  and  carbonic  acid  gas.  If  heated  too  hot, 
acrolein  escapes.  One  pound  of  linseed  oil  requires  0.17  lb.  of 
oxygen  to  oxidize  it.  Therefore,  assuming  that  all  the  oxygen  were 
to  be  used  up  in  the  process  of  drying,  the  minimum  amount  to 
supply  1  lb.  of  oil  would  be  0.85  lb.  of  air  or.  say,  14  cu.  ft.  at 
200  deg.  fahr. 

In  rapid  drying  probably  not  over  10  per  cent  of  the  total  oxygen 
component  in  the  air  is  used  up,  so  that  140  cu.  ft.  of  air  per  lb.  of 
oil,  or  say  1000  cu.  ft.  per  gallon.,  is  about  the  minimum  to  supply. 

No  hard  and  fast  rule  for  speed  of  drying  for  definite  tempera- 
tures can  be  used  with  linseed  oil,  for  the  reason  that  it  is  af- 
fected by  the  quality  of  the  oil,  the  method  of  extraction,  the  aging, 
and  the  boiling.     The  process  of  oxidation  is  started  in  the  boiling 
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of  the  oil,  and  is  then  restrained  or  intercepted  by  coohng,  until 
when  it  is  mixed  in  the  coating  and  reaches  the  drier,  the  action  is 
set  up  again  to  continue  from  where  it  left  off. 

If  the  boiling  is  not  properly  done,  or  is  not  carried  to  the  proper 

point,  the  oxidation  process  will  not  have  been  sufficiently  set  v^ 

and  the  action  in  the  drier  will  not  be  uniform.    The  addition  of  an 

artificial  drier,  as  Japan  drier  or  oil  of  powlownie,  will  not  help 

,  matters  for  it  will  discolor  the  finish  and  the  coating  will  soon  crack. 

Aerated  water  has  a  highly  oxidizing  effect  on  metals.  Oxygen 
being  more  readily  soluble  in  water  than  nitrogen,  the  bubbles  of  air 
contained  in  the  water  often  run  as  high  as  40  per  cent  oxygen. 
Wrought  iron  pipes  carrying  aerated  water  rust  very  fast.  Moist 
air  is  also  highly  oxidizing  as  shown  by  unprotected  wrought  iron 
left  in  a  damp  atmosphere. 

But  humidified  air  even  at  high  temperature,  has,  as  compared 
with  dry  air,  a  retarded  oxidizing  effect  on  linseed  oil,  varnish  and 
other  sicative  coatings.  This  may  be  beneficial  in  the  case  of  coat- 
ings on  wood  where  too  rapid  hardening  will  cause  craze  cracks. 
For  conditioning  a  dried  surface,  either  dry  air  or  a  cold  water 
spray  will  harden  it,  but  a  moist  atmosphere,  even  if  relatively  cool, 
will  not  do  so. 

Since  in  the  case  of  all  such  coatings,  the  process  of  oxidation 
is  carried  only  far  enough  for  a  durable  elastic  surface,  and  never 
far  enough  for  a  carbonizing  of  the  surface,  I  imagine  the  deterring 
effect  of  moisture  in  the  air  is  due  to  the  glycerine  still  remaining 
in  the  coating,  absorbing  moisture  and  being  prevented  from  harden- 
ing. In  the  case  of  the  cold  water  spray,  the  cooling  effect  of  the 
spray  congealing  or  hardening  the  glycerine,  overcomes  its  ten- 
dency to  absorb  moisture. 

The  use  of  ozone  or  ozonated  air,  we  have  found  to  be  of  little 
avail,  beside  costing  too  much  for  any  benefit  which  might  be  de- 
rived. While  text  books  tell  us  that  the  ozone  (O3)  returns  to  the 
oxygen  state  (0=)  at  300  deg.  fahr.,  our  experience  has  been  that 
at  even  150  deg.  fahr.,  it  no  longer  has  the  oxidizing  effect  of  nascent 
oxygen. 

We  have  also  tried  desiccating  water  out  of  materials  by  means 
of  electricity,  the  wet  materials  being  placed  in  1  in.  thick  layers 
between  wire  grilles  or  mats  wired  up  as  electric  conductors,  but 
the  cost  of  the  work  is  out  of  all  proportion  and  the  action  is  slow. 

Superheating  gas,  air  or  steam  is  very  much  the  same  thing  if  the 
steam  comes  to  the  heater  above  213  deg.  fahr.,  or  in  other  words, 
has  the  heat  latent. 

In  the  case  of  three  outfits  of  the  same  size,  one  heating  producer 
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gas,  one  air  and  one  acetic  acid  vapor,  the  delivery  temperature  in 
each  case  being  1000  deg.  fahr.,  allowing  for  the  fact  that  the  acetic 
acid  steam  entered  the  heater  at  212  deg.  and  the  air  and  gas 
entered  their  heaters  at  70  deg.,  the  fuel  consumption  was  as  near 
identical  as  it  well  could  be. 

In  the  case,  however,  which  we  have  recently  had  put  up  to  us  of 
heating  air  from  200  to  350  deg.  fahr.,  the  entering  air  carrying  300 
gr.  of  water  vapor  per  cu.  ft.,  the  heater  capacity  required  is  16 
tirhes  what  it  would  be  if  the  air  were  dry. 

Superheated  air,  like  superheated  steam,  loses  its  heat  very 
rapidly  if  the  greatest  precaution  is  not  taken. 

At  400  to  450  deg.  fahr., we  have  found  the  transmission  losses  from 
black  iron  ducts  to  be  about  2.8  B.t.u.  per  sq.  ft.  per  hour  per  deg. 
At  the  same  temperature,  with  3  in.  of  magnesia  block  and  1  in.  of 
asbestos  plaster,  the  loss  ran  1.3  B.t.u.  per  sq.  ft.  per  deg.  per  hour. 
At  600  to  800  deg.  fahr.,  the  loss  from  bare  pipe  ran  3  B.t.u.  and 
with  3  in.  magnesia  and  1  in.  plaster,  it  ran  1.5  B.t.u.  per  sq.  ft.  per 
degree. 

It  is  therefore  necessary  to  proportion  the  air  supply  piping  quite 
carefully.  The  higher  the  velocity  and  the  greater  the  volume  of 
air  passing  through  the  duct,  the  less  the  temperature  loss.  It 
varies  inversely  as  the  velocity  and  the  square  of  the  volume  of  air 
passing  through  the  duct. 

Therefore  the  trunk  line  should  be  carried  intact  as  far  as  possible 
and  then  if  possible  the  branches  all  taken  off  together.  The 
velocities  should  be  kept  as  high  as  the  predetermined  horsepower 
limits  for  the  fan  will  allow. 

Of  course,  the  higher  the  working  temperature  in  the  sys- 
tem the  more  unstable  the  air  in  it  and  to  effectively  control  the 
distribution  of  the  air  and  the  maintenance  of  an  equable  tempera- 
ture throughout  the  system  requires  a  slight  static  maintained  pres- 
sure in  the  oven  or  drier.  I  do  not  believe  that  in  such  a  system  a 
uniform  temperature  can  be  maintained  without  this  pressure.  The 
nearer  the  system  can  be  adjusted  to  a  state  of  static  balance  and 
still  be  on  the  plus  side,  the  better. 

We  have  adjusted  driers  or  ovens  300  ft.  long,  9  ft.  wide  and  14  ft. 
high  so  that  with  a  working  temperature  of  237  deg.  fahr.  there  was 
less  than  1  deg.  difference  from  floor  to  ceiling  and  from  one  end  to 
the  other,  with  7000  cu.  ft.  of  air  per  min.  passing  through.  The  hot 
air  was  admitted  at  the  floor  from  60  openings  at  400  deg.,  and  60 
vents  at  the  ceiling  carried  oft'  the  gases.  The  doors  to  the  oven 
were  air  locks  so  that  there  were  no  leaks.    Fine  mesh  screens  on  the 
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air  opening  tended  to  kill  the  velocity  of  incoming  hot  air  and  to 
distribute  it  over  the  floor. 

When  the  ovens  were  closed  so  that  the  static  pressure  was  main- 
tained, the  upward  motion  of  the  hot  air  from  the  floor  was  quite 
even  throughout  the  horizontal  area  of  the  oven.  With  the  doors 
open  so  that  the  static  condition  was  removed,  the  hot  air  rose  in 
separate  currents. 

These  ovens  were  used  to  dry  cloth  in  festoons  or  loops  11  ft. 
long  suspended  from  sticks  on  a  traveling  chain  at  the  top  of  the 
oven.  The  traveling  chain  tended  to  give  a  certain  swaying  motion 
to  the  cloth  and  any  undue  currents  of  air  in  the  oven  would  cause 
the  loops  of  cloth  to  touch  each  other.  On  account  of  the  sticky  coat- 
ing and  the  static  electricity  it  carried,  if  two  loops  touched  at  one 
point,  they  ran  together  nearly  to  the  top.  For  this  reason  the  air 
passing  through  the  oven  had  to  be  under  absolute  control. 

In  the  case  of  heavy  material,  or  solid  material  piled  on  racks  or 
cars,  or  suspended  by  rods,  the  motion  of  the  air  'is  not  so  im- 
portant except  as  to  its  dust-carrying  propensity,  but  the  admission 
of  the  air  at  the  floor  is  just  as  essential,  as  is  also  the  slight  static 
or  plenum  pressure,  for  the  sake  of  even  distribution  and  tempera- 
ture.   Also  the  light  and  heavy  gases  are  forced  out. 

In  a  direct  gas-flame-heated  japan  oven,  the  heavy  gas  given  oft 
has  a  chance  sometimes  to  accumulate  in  the  corners  at  the  floor  and 
is  highly  explosive.  The  temperatures  in  such  an  oven  may  vary 
from  1200  deg.  at  the  flame  to  as  low  as  250  deg.  in  the  corners  near 
the  floor. 

In  the  case  of  a  battery  of  cloth-impregnating  towers,  the  cloth 
was  drawn  through  pans  at  the  base  of  the  towers,  thence  traveled 
upward  vertically,  40  ft.,  where  it  passed  over  rollers  and  returned 
to  the  bottom  to  be  dipped  again,  the  process  being  repeated.  Six 
coats  were  to  be  applied  in  this  way  in  rapid  succession,  and  each 
coat  dried  during  the  time  of  one  trip  to  the  top  of  the  tower  and 
back.  Of  course  it  had  to  be  sufficiently  dry  when  it  reached  the 
top  so  that  it  would  not  stick  to  the  roller. 

The  time  for  drying  each  coat  was  about  6  min.  The  minimum 
temperature  required  to  do  this  was  within  10  deg.  of  the  ignition 
temperature  of  the  compound  CoGO  deg.  fahr.).  Radiant  heat  could 
not  give  an  even  heat  throughout  the  tower,  within  the  range ; 
therefore  we  forced  hot  air  in  at  the  base. 

We  estimated  the  aspirating  eft'ect  of  the  tower  and  closed  in  the 
top,  leaving  slots  for  the  cloth  to  pass  through  and  allowing  for  the 
gases  to  pass  with  a  slight  pressure.  On  trial  we  had  to  cut  these 
slots  down  much  smaller  than  the  theoretical  figures  indicated,  in 
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order  to  hold  the  static  pressure,  but  when  this  was  adjusted,  the 
system  worked  and  dried  the  coatings  perfectly.  Before  such  ad- 
justment, however,  the  hot  air  shot  to  the  top  in  as  many  currents  as 
there  were  air  inlets. 

The  use  of  high  temperature  air  is  not  always  economical  or  even 
applicable  and  some  judgment  must  be  used  or  the  mark  will  be 
overshot  or  missed  altogether.  In  one  case  where  by  the  use  of  hot 
air  and  an  increase  of  drier  temperature  of  25  per  cent,  the  time  of 
processing  was  reduced  by  75  per  cent  and  the  client  immediately 
tried  to  eliminate  the  remaining  25  per  cent  of  time  by  increasing 
the  temperature  still  more.  The  results  were  that  the  materials  were 
all  but  ruined  and  he  had  to  return  to  the  temperatures  we  had  es- 
tablished. 

A  technical  firm  wished  to  evaporate  water  vapor  from  a  spray 
containing  water  and  a  heavier  liquid.  They  found  that  at  220 
deg.  the  process  worked  very  much  faster  than  at  160  deg.  fahr. 
Therefore  they  reasoned  that  at  1200  deg.  the  work  would  be  done 
in  practically  no  time  at  all.  The  volume  of  air  at  1200  deg.  which 
would  evaporate  the  water  spray,  would  not  have  carried  off  the 
vapor.  To  supply  sufficient  air  at  the  high  temperature  was  too  ex- 
pensive. A  careful  computation  proved  that  air  at  300  deg.  in  suf- 
ficient volume  was  the  most  economical  way  to  handle  the  problem. 

Totally  disregarding  the  difference  in  weight  between  air  and 
water  and  the  latent  heat  carried  by  steam,  a  number  of  schemes 
have  been  proposed  to  us  for  the  use  of  air  at  700  or  800  deg.,  in 
place  of  hot  water  in  a  radiator  having  a  >)4  in.  supply,  or  a  die 
mold  or  steam  kettle  having  a  very  large  exposure  for  the  area  of 
opening  for  heat  supply. 

It  has  even  been  suggested  that  we  boil  liquid  by  blowing  or 
bubbling  hot  air  through  it.  For  the  aeration  of  boiling  linseed  oil  this 
is  very  advantageous  but  the  source  of  heat  for  the  boiling  is  a  direct 
fire  underneath  the  kettle.  In  all  three  of  these  cases,  to  ac- 
complish the  work,  the  velocities  of  the  heat  carrying  air  would  be 
terrific. 

Another  type  of  proposition  which  comes  to  us  and  which  in  nine 
cases  out  of  ten  is  erroneous,  is  that  a  vapor  recovery  installation 
which  by  means  of  heat  interchanges  gives  up  a  part  of  the  heat  of 
the  effluent  gases  to  the  fresh  air  supply,  and  then  by  means  of  cold 
water  and  mechanical  refrigeration  condensing  the  vapors,  will  ren- 
der large  returns.  In  one  case  the  first  cost  of  the  interchangers  and 
condenser  plant  was  estimated  at  close  to  $1,000,000,  the  operating 
cost  per  day  r.t  $250,  and  the  total  available  gases  for  recovery  were 
worth  only  $160,  assuming  they  could  all  be  recovered.    Incidentally, 
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the  whole  manufacturing  plant  involved  a  cost  not  over  $1,000,000. 

I  have  seen  very  few  cases  where  such  vapor  recovery  installations 
showed  returns  which  warranted  the  investment.  Waste  heat  re- 
covery plants  are  a  different  proposition,  however. 

For  high  temperature  work  particularly,  it  is  impractical  to  at- 
tempt dehumidification  in  order  to  use  the  same  air  over  and  over. 
The  temptation  in  this  seems  to  be  great  until  the  client  sees  the  cost 
figured  out. 

Many  clients  cannot  see  why  air  entering  the  drier  at  500  deg.  fahr. 
should  not  hold  the  drier  temperature  at  500  deg.,  nor  understand 
why  the  work  done  in  the  drier  is  only  proportional  to  the  difference 
between  the  entering  and  the  effluent  temperatures. 

It  is  not  an  easy  matter  to  abtain  actual  correct  temperature  read- 
ings in  a  drier  without  an  expensive  equipment,  but  fortunately, 
once  the  system  is  properly  adjusted  and  the  operators  know  at  what 
level  on  their  thermometers  the  heat  should  be,  it  does  not  make 
any  difference  whether  the  thermometer  scales  says  300  or  3000 
deg.,  or  whether  there  is  a  scale. 

AIR  HEATING  TO  HIGH  TEMPERATURES 

I  will  add  just  a  few  words  regarding  the  heating  of  ai*r  to  high 
temperatures.  Our  work  in  that  line  has  all  been  done  with  the 
Aertube  heater. 

A  large  chemical  firm  wanted  hot  air  at  1200  deg.  fahr.,  to  facili- 
tate a  certain  chemical  action.  They  concluded  our  heater  was  too 
large,  heavy  and  expensive,  and  that  they  could  get  the  same  results 
by  adapting  a  steam  superheater  with  wrought  iron  tubes  to  their 
purpose.  According  to  their  own  report  on  the  result,  in  a  very  few 
hours  the  tubes  had  stopped  up  solid  with  their  own  rust  on  account 
of  the  high  oxidizing  effect  of  air  at  that  temperature. 

For  such  temperatures  only  cast  iron,  duriron,  tantiron  or  simi- 
lar metals  should  be  used.  Our  first  heater  tubes  were  made  of  grey 
cast  iron.  The  alternate  heating  to  cherry  red  and  cooling  again, 
caused  them  to  grow  several  inches  in  length  in  one  season. 

Professor  Diedrichs  of  Cornell  had  found  that  growth  in  cast 
iron  under  such  conditions  was  due  to  the  silicon  and  graphitic  car- 
bon. We  reduced  the  silicon  to  about  0.2  of  1  per  cent  and  blew  out 
the  graphitic  carbon  in  the  blast  and  got  a  chilled  tube  which  did 
not  grow  and  which  withstood  a  temperature  of  2000  to  2100 
deg.  fahr. 

Then  the  Duriron  Castings  Co.  made  an  iron  tube  for  us  with 
20  to  22  per  cent  of  silicon  in  it  which  stands  2550  deg.  fahr.  and 
does  not  grow.  In  other  words,  we  had  passed  from  plus  to 
minus  through  zero  and  they  through  infinity. 
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When  heating  gases  carrying  sulphur,  we  had  to  protect  through 
rods  and  tried  many  different  patent  coatings,  cements,  etc.,  hut  were 
obHged  to  fall  back  on  Portland  cement  mixed  with  buttermilk.  This 
will  stand  temperatures  up  to  1,200  deg.  and  is  flexible.  The  Bottield 
Specialty  Co.  of  Philadelphia  make  a  fire  cement  which  will  stand 
3000  deg.  fahr.  which  we  are  now  using  with  good  success. 

One  thing  which  our  work  has  proved  to  my  satisfaction,  at  least, 
is  that  for  the  higher  temperatures  the  steel  plate  fan,  or  the  volume 
blower  type,  are  better  suited  to  the  work  than  the  multiblade  or 
Sirocco  type,  particularly,  if  the  system  requires  operation  at  several 
temperatures  or  if  at  times  parts  of  the  system  are  shut  off. 

Suppose  the  fan  handles  10,000  cu.  ft.  of  air  per  min.  at  60  deg. 
fahr.  against  a  maintained  pressure  through  the  system  of  1  oz.. 
when  there  is  no  fire  in  the  heater.  Now  if  the  heater  is  fired  up 
and  begins  to  deliver  air  at  580  deg.  fahr.,  the  maintained  pressure 
increases  due  to  the  expansion  of  the  air  in  transit  until  it  becomes 
1.4  oz.  and  the  multiblade  fan  falls  off  in  its  delivery,  or  else  if  it  is 
installed  for  that  pressure  it  over-delivers  a  large  amount  at  the 
lower  temperatures. 

Of  course,  in  practice  the  fluctuation  in  temperature  is  not  so  ex- 
treme as  I  have  stated,  but  when  a  compound  contains  light  oils  like 
benzoles  and  at  the  same  time  anthracene  or  creosote  oil,  it  is  a  case 
of  fractional  distillation  at  several  temperatures  from  180  to  600 
deg.  fahr.,  and  the  most  dangerous  is  the  600  deg.  point  at  which 
there  should  be  the  maximum  air  delivery.  To  overcome  this  by 
multiple  speed  control  of  the  fan  is  not  advisable  as  it  introduces 
another  element  for  the  operator  to  look  after. 

Regarding  the  choice  of  fuels  for  this  work,  we  have  used  wood, 
all  kinds  of  coal,  coke,  producer,  city  and  natural  gas,  and  distillate, 
kerosene,  fuel  oil  and  crude  oil.  Any  gas  or  oil  is  easily  subject  to 
thermostatic  control.  Contrary  to  general  belief,  the  easiest  oil  fuel 
to  handle  and  control  and  the  easiest  on  the  heater  and  brickwork,  as 
well  as  the  cheapest,  is  the  heaviest  Tampico  crude  oil  of  11  Beaume. 
When  properly  installed,  and  heated  to  160  deg.  before  atomizing  and 
when  operated  under  thermostatic  control,  it  gives  a  minimum  of 
trouble. 

In  one  plant  where  we  installed  such  a  system,  and  where  the  con- 
sumption of  oil  is  something  over  5000  gal.  per  day,  they  have  re- 
placed only  50  heater  tubes  in  three  years,  though  the  total  number 
of  tubes  in  the  heaters  amounts  to  6000. 

It  has  been  stated  that  in  a  water  tube  l^oiler  with  horizontal 
passes  working  under  full  load,  the  lower  row  of  tubes  sometimes 
carries  40  per  cent  of  the  total  load.     It  might  seem  that  in  an  air 
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heater  the  same  proportion  or  thereabouts  would  hold.  This  is  not 
the  case.  When  the  gases  of  combustion  are  in  sufficient  quantity  to 
fill  the  space  between  the  tubes,  or  in  other  words,  when  the  heater 
is  working  up  to  capacity,  the  proportion  of  the  total  load  carried 
by  the  lower  row  of  tubes  is  from  20  to  24  per  cent  as  a  maximum, 
there  being  eight  rows  of  tubes  in  height  above  the  fire.  This  is 
with  the  maximum  combustion  gas  temperature  of  2400  deg.  fahr. 

The  transmission  rate  through  the  cast  iron  tubes  from  the  hot 
gases  to  the  air  passing  through  the  tubes,  varies  as  the  cube  root 
of  the  velocity  square  of  the  air,  and  never  exceeds  3  B.t.u.'s  for 
velocities  under  3000  ft.  per  min.  So  long  as  the  hot  gases  do  not 
exceed  2400  deg.  fahr.,  very  little  tube  replacement  is  necessary. 

As  a  matter  of  fact  that  is  about  the  limit  of  temperature  which 
can  be  carried  with  a  silica  brick  arch  without  the  distortion  of  the 
brick,  after  which  spalling  starts,  and  above  the  temperature  of 
deformation,  no  matter  what  the  melting  point,  a  fire  brick  is  useless. 
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DISCUSSION 

The  President  :  I  think  this  is  one  of  the  finest  papers  I  have 
ever  heard  presented  to  this  Society.  I  am  sure  it  is  one  in  which 
we  are  all  very  much  interested.  I  am  also  sure  that  Mr.  Harrison 
will  be  glad  to  answer  any  questions  that  those  present  desire  to 
ask  him. 

W.  H.  Carrier  :  Mr.  Harrison's  paper  gives  us  a  great  deal  of 
very  practical  and  interesting  information  that  makes  the  paper  a 
very  valuable  one  for  the  Society  and  I  believe  it  should  be  given 
thorough  study  by  everyone  who  is  interested  in  this  work.  This 
is  a  line  of  heating  engineering  that  has  never  been  covered  very 
thoroughly  and  I  believe  Mr.  Harrison  is  a  pioneer  in  high  tem- 
perature work.  He  has  evidently  solved  one  of  the  chief  difficulties 
that  was  to  be  contended  with  in  the  construction  of  his  heater  to 
withstand  these  temperatures. 

In  Tables  1  and  2,  on  pages  8  and  9,  I  notice  there  are 
factors  given  for  evaporation  at  different  velocities ;  in  Table  1, 
evaporation  from  water  surfaces  due  to  air  motion  and  in  Table 
2,  evaporation  due  to  heat.  In  the  first  table,  if  these  were  mate- 
rials containing  moisture,  I  might  be  quite  willing  to  agree  with 
Mr.  Harrison,  because  they  show  considerable  variations,  depending 
upon  the  freedom  with  which  the  moisture  is  given  up,  but  several 
investigators  have  made  experiments  along  these  lines  and  some 
years  ago  I  did  quite  a  little  work  on  it.  I  did  not  get  these  pro- 
portionate results,  however;  I  found  that  the  rate  of  evaporation 
increased  within  certain  ranges  of  velocity,  up  to  2,000  ft.  absolute 
velocity  in  increments  for  each  corresponding  increment  of  velocity, 
that  is  in  a  straight  line,  although  not  beginning  with  zero.  Mr. 
Latta,  Mr.  Horn  and  Mr.  Coffey  made  similar  tests,  but  instead  of 
using  a  water  surface,  they  used  a  lozenge  shaped  body  or  wick 
supplied  with  water  and  weighed  the  water,  and  they  got  a  per- 
fectly straight  line.  Also  I  think  their  velocities  ran  up  a  little 
higher  than  mine  but  they  noticed,  however,  a  slight  falling  off 
at  the  higher  velocities.  Whether  this  was  due  to  lack  of  water  to 
evaporate,  or  whether  it  was  a  natural  phenomenon,  I  do  not 
know,  but  it  was  not  at  all  conclusive. 

These  factors  as  determined  by  a  large  number  of  actual  and 
repeated  experiments,  conducted  by  two  different  methods,  are  given 
in  my  paper,  and  they  are  in  pretty  close  agreement  (see  paper  by 
W.  H.  Carrier,  pages  38  and  39  of  this  volume).  I  would  not  say 
that  they  are  absolutely  accurate  but  they  represented  the  conditions 
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under  which  the  tests  were  made  very  closely.  The  same  relation- 
ship was  investigated  quite  a  number  of  years  ago  by  one  of  the 
metallurgical  bureaus  in  England,  and  I  find  that  their  results 
fairly  substantiated  those  made  on  large  ponds  with  winds.  The 
factors  were  a  little  different  and  the  conditions  were  different, 
but  the  general  law  seemed  to  hold. 

With  regard  to  Table  2  I  might  remark  that  the  relative  humidity 
plays  an  all-important  part  in  the  rate  of  evaporation.  It  has  been 
definitely  proven  by  three  different  people  independently,  by  entirely 
different  methods  of  experiment,  that  the  rate  of  evaporation  does 
not  depend  on  the  temperature  of  the  air,  at  all.  It  does  depend 
on  the  temperature  of  the  water  and  it  does  depend  upon  the  differ- 
ence in  the  vapor  pressure  of  the  air  and  the  vapor  pressure  of  the 
water  corresponding  to  this  temperature;  it  depends  on  that  abso- 
lutely and  not  on  the  velocity,  as  Mr.  Harrison  points  out.  I  think 
that  Table  2  should  be  qualified  as  to  some  definite  humidities. 
I  think  that  with  a  certain  definite  humidity,  say  50  per  cent  or 
with  some  constant  fixed  humidity,  these  proportions  would  be 
about  right. 

The  Author:  I  will  reply  to  Mr.  Carrier  that  I  never  plotted 
those  figures  in  Table  1  to  learn  what  kind  of  a  curve  they  would 
give,  but  we  made  the  tests  and  these  were  the  figures  that  we  got 
except  for  the  larger  areas.  In  the  case  of  the  larger  areas,  we 
simply  used  the  relative  proportion  as  we  took  it  from,  I  think. 
Box's  figures.  In  the  case  of  Table  2  (showing  the  relative  evapora- 
tion due  to  temperature),  the  air  in  all  cases  was  about  at  40  per 
cent  relative  humidity,  and  of  course  after  saturation,  there  will 
be  no  more  evaporating.  Also  the  supposition  was  that  the  liquid 
and  the  air  would  be  at  the  same  temperature. 

W.  H.  Carrier  :     They  would  not  be  unless  they  were  heated. 

The  Author  :  They  were  heated.  The  tests  were  not  made 
until  the  liquid  was  up  to  the  temperatures  recorded. 

W.  H.  Carrier  :  Further  the  velocities  in  Table  1  do  not  deter- 
mine the  evaporation,  but  the  differences  in  vapor  pressure  do. 
These  rates  could  and  probably  would  be  obtained  in  actual  tests  if 
the  vapor  pressure  differences  were  not  the  same,  but  of  course  it  is 
very  difficult,  unless  with  a  specially  prepared  laboratory  provided 
for  definite  dew  points  and  relative  humidities,  to  get  vapor  pres- 
sure differences  that  are  absolutely  the  same  in  any  two  experi- 
ments. That  undoubtedly  would  explain  the  difference  in  figures. 
These  other  tests  were  made  under  control  conditions. 
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A.  S.  Armagnac  :  I  would  like  to  ask  if  these  joints  Mr.  Har- 
rison speaks  of  as  made  with  Portland  cement  and  buttermilk  were 
for  use  against  the  leaking  of  gas? 

The  Author  :  No,  that  had  reference  to  stay  bolts,  through 
the  heater  which  would  come  in  contact  with  the  heated  gases.  In 
that  case  we  were  actually  heating  producer  gas  to  1,000  deg.  fahr. 
The  sulphur  in  the  producer  gas  would  pit  the  iron  of  the  stay  bolt 
in  a  few  hours  unless  we  protected  it.  We  found  no  coating  -or 
cement  on  the  market  which  would  stand  at  that  temperature  with- 
out cracking  or  have  flexibility  after  it  had  dried,  so  we  used  the 
Portland  cement  and  buttermilk  and  found  that  flexible  after  it 
had  dried  so  that  it  protected  the  stay  bolt. 

W.  S.  KoiTHAN :  How  were  the  tubes  made  tight?  By 
ground  joints? 

The  Author:  No;  the  tube  sheet  which  carries  the  tubes  (the 
annular  opening  through  which  the  tube  is  placed)  is  slightly  larger 
than  the  tube  and  the  joint  is  packed  with  asbestos,  caulked  in, 
and  then  with  a  follower  ring  and  a  dog  holding  that  on,  so  it  is 
the  asbestos  that  the  tube  rides  on  when  it  expands  and  contracts. 
It  is  the  asbestos  packing  that  makes  it  tight. 

Frank  K.  Chew  :  I  move  that  we  give  a  vote  of  thanks  to  our 
former  Vice-President  for  coming  before  us  and  presenting  this 
valuable  paper. 

The  motion   was  seconded  and  carried. 
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THE  TEMPERATURE  OF  EVAPORATION 

Its  Practical  Application  to  Air  Conditioning  and  to  the 
Drying  and  Conditioning  of  Materials 

By  W.  H.  Carrier.  New  York,  N.  Y. 
Member 

THE  customary  method  of  determining  the  moisture  content  of 
the  air  by  means  of  the  psychrometer  is  famihar  to  every  heat- 
ing and  ventilating  engineer.  In  this  method  simultaneous 
readings  are  taken  of  two  thermometers,  one  of  the  usvial  type 
known  as  the  dry  bulb  thermometer,  the  other  known  as  the  wet 
bulb,  having  the  bulb  covered  with  a  film  of  water  usually  through  a 
covering  of  wet  fabric.  The  temperature  indicated  by  the  wet 
bulb  thermometer  is  usually  known  as  the  wet  bulb  temperature, 
but  the  writer  has  chosen  to  call  it  the  temperature  of  evaporation, 
for  reasons  which  will  be  developed. 

The  significance  of  the  wet  bulb  temperature  and  the  physical 
laws  governing  it  are  not  commonly  understood.  It  is  generally 
assumed  that  the  wet  bulb  depression  is  due  to  cooling  by  evapora- 
tion and  is  determined  by  the  rate  of  evaporation.  It  is  true  that  it 
is  caused  by  evaporation,  but  it  is  not  at  all  determined  by  the  rate 
of  evaporation.  For  example,  the  rate  of  evaporation  of  a  wet  sur- 
face is  three  and  one-half  times  as  great  at  4000  air  velocity  as  it  is 
at  1000  air  velocity  over  the  same  surface  and  under  like  moisture 
and  temperature  conditions,  yet  the  wet  bulb  depression  is  for  all 
practical  purposes  precisely  the  same  in  both  cases.  It  is  very  evi- 
dent, therefore,  that  the  wet  bulb  depression  is  not  dependent  upon 
the  rate  of  evaporation,  as  is  commonly  believed,  but  upon  other 
factors.  The  lower  the  moisture  content  of  the  air  the  greater  will 
be  the  wet  bulb  depression,  which  goes  to  show  that  the  wet  bulb 
temperature  has  a  very  definite  physical  relation  to  the  temperature 
and  the  moisture  content  of  the  air.     It  is  also  influenced  by  the 
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density  and  specific  heat  of  the  atmosphere.  These  relations  have 
already  been  discussed  by  the  author  in  a  paper  on  Rational  Psy- 
chrometric  Formulae,  presented  before  The  American  Society  of 
Mechanical  Engineers  in  1911. 

It  is  the  writer's  object  in  the  present  paper  to  explain  more  in 
detail  these  relations,  to  give  more  convenient  and  accurate  formulae 
for  the  determination  of  the  exact  relation  and  to  discuss  the  prac- 
tical bearing  of  wet  bulb  temperature  and  vapor  pressure  in  the 
art  of  air  conditioning  and  upon  the  drying  and  moistening  of  hygro- 
scopic materials. 

It  is  well  known  that  the  weight  of  a  cubic  foot  of  saturated  water 
vapor  is  a  very  definite  quantity,  dependent  entirely  upon  its  tem- 
perature, and  that  this  water  vapor  acts  substantially  as  a  gas,  pro- 
ducing a  definite  pressure,  known  as  the  vapor  pressure.  It  obeys 
in  this  respect  approximately  the  law  of  gases  with  reference  to 
temperature,  vapor  pressure  and  weight  or  density.  The  vapor 
pressure  and  density  increase  very  rapidly  with  the  temperature,  as 
exhibited  in  the  well-known  tables  giving  the  properties  of  steam. 
The  admixture  of  air  under  various  barometric  pressures  as  it 
occurs  under  ordinary  atmospheric  conditions  does  not  in  any  way 
affect  the  weight  per  cubic  foot  or  the  pressure  of  the  saturated 
vapor,  but  acts  precisely  the  same  as  in  a  mixture  of  two  gases.  The 
combined  pressure  is  equal  to  the  total  or  barometric  pressure ;  that 
is,  the  total  weight  of  pure  air  in  a  mixture  of  a  cubic  foot  of  sat- 
urated vapor  and  air  is  less  than  the  weight  contained  in  a  cubic  foot 
of  dry  air  just  in  proportion  as  the  partial  pressure  of  the  air  in  the 
mixture  is  less  than  the  total  barometric  pressure.  This  relation  is 
expressed  numerically  as  follows : — 

vS"  e          G^ 
W  = = 


P-e  G, 

where  W  =  the  weight  of  water  vapor  contained  in  a  pound  of 
pure  air,  that  is,  it  is  the  ratio  of  the  weight  of 
water,  G^,  to  the  weight  of  air,  Gg.,  in  a  given  vol- 
ume of  the  mixture ; 

P      =  the  barometric  pressure ; 

e       =  the  vapor  pressure  of  the  water  vapor; 

P-e  =  the  partial  pressure  of  the  air ; 

^  =  the  specific  weight  of  water  vapor,  (i.e.,  the  ratio 
of  the  weight  of  a  cubic  foot  of  water  vapor  at  a 
given  pressure  and  temperature  compared  with  the 
weight  of  a  cubic  foot  of  air  at  the  same  pressure 
and  temperature). 
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From  this  relationship  it  is  possible  to  find : 
ist,  The  weight  of  moisture  contained  in,  or  rather,  associated  in 

space  with  a  pound  of  pure  air; 
2nd,  The  ratio  of  the  weight  of  pure  air  contained  in  a  cubic  foot  of 

the  mixture  compared  with  the  weight  of  a  cubic  foot  of  air  at 

the  same  temperature  and  barometric  pressure  but  containing 

no  moisture ; 
jrrf,  The  weight  of  moisture  contained  in  a  cubic  foot  of  air. 

In  the  last  two  determinations  we  also  require  the  relation  de- 
termining the  weight  of  pure  air  at  any  given  temperature  and  pres- 
sure, which  is  the  well  known  relation 

1  P 

IV.  = = 


V  3772T 

where  IV.  =^  the  weight  of  one  cubic  foot  of  air ; 
V     =  the  volume  of  one  pound  of  air ; 
P      =  the  barometric  pressure  or  partial  pressure  in  inches 

of  mercury  to  which  the  air  is  subjected ; 
T      =  the  absolute  temperature  in  degrees  fahrenheit. 

When  unsaturated  air  is  brought  in  contact  with  water  three 
physical  changes  take  place  simultaneously : — first,  the  water  tem- 
perature is  ultimately  reduced  to  a  definite  temperature  known  as 
the  wet  bulb  temperature;  second,  a  certain  amount  of  water  is 
evaporated,  increasing  the  vapor  pressure  and  the  water  vapor  con- 
tent in  the  air ;  third,  the  air  is  cooled  a  corresponding  amount,  ow- 
ing to  the  fact  that  finally  the  latent  heat  of  evaporation  must  be 
taken  from  the  air  as  the  only  source  of  heat.  If  this  process  is 
continued  to  the  point  of  complete  saturation  of  the  air  and  no  heat 
is  received  from  the  water  or  any  other  external  source,  then  the 
air  temperature  will  drop  to  a  definite  point  which  is  the  true  wet 
bulb  temperature  or  evaporation  temperature  of  the  air. 

Thus  the  wet  bulb  temperature  and  the  dry  bulb  temperature  at 
this  point  of  saturation  are  both  the  same,  and  the  wet  bulb  tem- 
perature is  substantially  the  same  before  the  air  has  become  saturated 
as  after  it  has  become  saturated.  In  other  words,  the  wet  bulb  tem- 
perature does  not  change  during  the  process  of  saturation,  but  the 
dry  bulb  temperature  decreases  and  the  moisture  content  increases 
to  some  definite  point  at  which  the  air  is  completely  saturated.  This 
fact  has  been  determined  by  careful  practical  and  laboratory  experi- 
ments. 

This  is  precisely  the  action  that  takes  place  in  air  conditioning 
equipment,  in  which  air  is  passed  through  humidifiers  or  air  washers 
where  the  water  is  recirculated  and  not  heated,  and  it  explains  the 
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seemingly  remarkable  effects  sometimes  produced.  For  example,  in 
this  climate  it  is  sometimes  possible  to  introduce  humidified  air  into 
a  room  as  much  as  25  deg.  cooler  than  the  outside  air,  and 
maintain  the  room  temperature  approximately  15  deg.  cooler  than 
the  outside  dry  bulb  temperature,  or  10  deg.  above  the  outside  wet 
bulb  temperature ;  while  in  the  excessively  dry  and  hot  climates  of 
New  Mexico  and  Arizona,  where  the  wet  bulb  temperature  often 
reaches  40  deg.  fahr.,  telephone  exchanges  have  been  cooled  in  this 
manner  as  much  as  25  deg.  below  the  outside  temperature  without 
any  refrigeration.  In  our  cooler  and  moister  Northern  climates, 
however,  in  buildings,  such  as  offices,  restaurants,  etc.,  where  rela- 
tively small  amounts  of  heat  are  liberated,  the  employment  of  this 
method  of  cooling  by  evaporation  with  air  washers  and  humidifiers 
does  not  work  out  very  satisfactorily.  There  will  be  occasional  days, 
however,  in  summer  even  in  these  climates  where  great  benefit  will 
be  procured  in  such  buildings  by  this  method  of  cooling.  In  all  in- 
dustrial establishments  where  high  humidities  are  required  or 
where  considerable  heat  is  liberated,  the  beneficial  effects  secured  by 
this  method  of  cooling  are  indisputable. 

The  same  phenomenon  of  a  constant  wet  bulb  temperature  with  a 
dry  bulb  temperature  dropping  toward  the  wet  bulb  as  the  air  ab- 
sorbs moisture  is  beautifully  illustrated  in  progressive  fan  system 
dryers.  Here  the  air  is  introduced  dry  and  hot  at  one  end  and  comes 
out  cool  and  moist  at  the  other  end  of  the  drying  tunnel.  The  wet 
bulb  temperature  will  be  found  practically  the  same  at  all  parts  of 
the  tunnel  except  for  leakage  or  cooling  by  radiation  through  the 
tunnel  walls. 

The  wet  bulb  temperature,  or  the  temperature  of  evaporation,  is 
thus  seen  to  be  a  very  definite  physical  quantity.  It  depends  upon 
the  ability  of  a  definite  weight  of  air  to  give  up  heat  required  for 
the  evaporation  of  sufficient  moisture  to  saturate  its  space  at  the 
temperature  to  which  it  is  finally  reduced  in  cooling.  The  difference 
between  the  wet  and  dry  bulb  temperatures  of  the  air  under  any 
given  barometric  pressure  is  evidently  an  exact  measure  of  what  is 
commonly  called  the  ability  of  the  air  to  "absorb  moisture,"  or  more 
exactly,  its  ability  to  cause  the  evaporation  of  moisture  into  the  space 
which  the  air  occupies.  It  must  always  be  kept  clearly  in  mind  that 
air  does  not  "absorb  moisture"  as  a  sponge  absorbs  water,  or  through 
any  chemical  affinity,  but  only  associates  itself  with  water  vapor 
purely  as  a  gaseous  mixture,  the  water  vapor  occupying  exactly  the 
same  space  as  though  there  were  no  air  present.  The  air  will,  how- 
ever, occupy  under  a  constant  barometric  pressure  a  slightly  greater 
space  than  before,  owing  to  the  fact  that  it  exerts  a  partial  pressure 
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which  is  less  than  the  total  or  barometric  pressure.  The  partial  air 
pressure  is  reduced  by  an  amount  exactly  equal  to  the  increase  of 
vapor  pressure  and  the  volume  occupied  by  a  given  weight  of  air  is 
therefore  increased  in  an  inverse  proportion.  This  amount  of  in- 
crease, however,  is  very  small  at  ordinary  temperatures,  since  the 
possible  vapor  pressure  under  atmospheric  conditions  never  exceeds 
3  per  cent  of  the  total  barometric  pressure.  Under  artificial  condi- 
tions, however,  such  as  in  drying  and  conditioning  chambers  at  high 
temperatures,  this  may  be  several  times  the  above  amount. 

\Mien  air  is  cooled  solely  by  evaporation  of  moisture,  it  has  been 
shown  by  theory  and  proven  by  experiment  that  the  wet  bulb  tem- 
perature does  not  change  appreciably.  Conversely,  any  change  in 
the  wet  bulb  temperature  would  indicate  a  change  in  heat  content. 
(By  the  heat  content,  or  total  heat  of  the  air,  we  mean  the  sensible 
heat  in  the  air  due  to  its  temperature  above  some  standard,  as  0  deg. 
fahr.,  together  with  the  latent  and  sensible  heat  of  the  associated 
water  vapor,  but  omitting  the  heat  of  the  liquid,  which  may  be  as- 
sumed to  be  introduced  or  removed  at  the  wet  bulb  temperature.) 

As  the  air  increases  in  moisture  content  and  cools  as  a  result,  the 
sensible  heat  liberated  by  the  change  in  temperature  is  merdy  con- 
verted into  an  equivalent  amount  of  latent  heat  represented  by  the 
conversion  of  water  into  vapor  associated  with  the  air.  Thus  it  is 
that  the  wet  bulb  temperature  always  indicates  precisely  the  total 
heat  content  of  the  air  regardless  of  its  temperature  or  moisture  con- 
dition. By  calculating  the  heat  content,  or  total  heat  of  saturated 
air  at  various  temperatures,  the  heat  content  of  the  air  under  all 
wet  bulb  conditions  is  definitely  established,  since  the  heat  content 
is  the  same  for  a  given  wet  bulb  temperature  as  if  it  were  saturated 
at  that  temperature.  The  fact  that  the  wet  bulb  temperature  estab- 
lishes the  heat  content  of  the  air  is  of  great  importance  in  calculating 
the  requirements  for  the  cooling  and  dehumidifying  of  air  and  for 
the  humidifying  of  air,  and  also  in  the  calculation  of  the  cooling 
efifect  which  may  be  secured  in  a  building  by  the  application  of  hu- 
midified air  to  maintain  a  definite  standard  of  moisture  condition  or 
relative  humidity.  In  problems  in  cooling  and  dehumidifying  when 
using  outside  air,  the  outside  wet  bulb  temperature  is  the  fact  of 
first  importance. 

It  is  of  interest  to  note  that  the  maximum  wet  bulb  temperature  in 
the  Northern  States  rarely  ever  exceeds  78  deg.  The  highest  out- 
side wet  bulb  temperature  ever  observed  by  the  writer  was  slightly 
over  81  deg.  in  New  York  City  in  1917.  This,  it  should  be  re- 
marked, was  accompanied  by  a  low  dry  bulb  temperature  and  a  very 
high  relative  humidity.    With  the  higher  outside  dry  bulb  tempera- 
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tures,  the  moisture  content  of  the  air  is  invariably  lower,  so  that 
hig'her  wet  bulb  temperatures  are  to  be  expected,  for  example,  at  85 
deg.  than  at  95  or  100  deg.  outside  temperature. 

In  humidifying  with  an  efficient  central  station  system  the  air  is 
taken  from  outside  and  cooled  to  the  wet  bulb  temperature  by 
evaporation,  using  recirculated  water.  When  saturated  air  is  heated, 
as  for  instance,  by  introduction  into  a  warmer  room,  the  relative 
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FIG.   1.     ERROR    IN    WET    BULB    DEPRESSION 

Variation    of   radiation    with    Variation   of   this  Velocity    over   the   Wet    Bulb    (at   ti    =    68 
deg.   fahr.)   from  experiment 


humidity  is  lowered  without  change  of  moisture  content  and  there  is 
an  increase  in  the  wet  bulb  temperature  corresponding  to  the  in- 
crease in  the  total  heat.  Thus,  the  temperature  in  a  room  humidified 
by  a  central  station  system  to  a  definite  per  cent  of  relative  humidit} 
always  bears  a  fixed  relation  to  the  outside  wet  bulb  temperature. 

The  mathematical  relation  of  the  above  physical  facts  involving 
the  wet  bulb  depression  and  the  weight  of  moisture  in  the  air  has 
been  given  and  discussed  by  the  writer  in  the  paper  presented  before 
The  American  Society  of  Mechanical  Engineers  in  1911,  previously 
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referred  to.     This  for  wet  bulb  temperatures  above  33  deg.  is  as 
follows : 

r'  +  Cps   {t  -  t') 

W  = 

r'W  —  Cpa   (t  —  f) 

where  W    =  the  weight  of  moisture  actually  associated  with  one 

pound  of  dry  air; 
IV^  =  the  weight  of  moisture  which  would  be  associated  with 

one  pound  of  dry  air  in  a  saturated  mixture  at  the 

true  wet  bulb  temperature ; 
/       =  the  dry  bulb  temperature; 
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f      =  the  true  wet  bulb  temperature  of  evaporation ; 

r"  =  the  latent  heat  per  pound  of  water  vapor  correspond- 
ing to  the  wet  bulb  temperature  t' ; 

Cpa  =  the  mean  specific  heat  of  air  between  the  temperatures 
t  and  t' ; 

Cps  =  the  mean  specific  heat  of  water  vapor  between  the 
temperatures  t  and  /'. 

The  numerical  values  of  these  physical  units  are  given  in  an  Appendix,  page  45. 

It  has  previously  been  shown  by  the  writer  that  the  observed 
reading  of  the  wet  bulb  on  the  ordinary  sling  psychrometer  is  al- 
ways slightly  higher  than  the  true  temperature  of  evaporation.  How- 
ever, the  observed  wet  bulb  depression  approaches  within  1.4  per 
cent  at  2000  air  velocity  and  within  1  per  cent  of  3000  air  velocity 
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of  the  theoretical  depression  with  the  wet  bulb  temperature  around 
G8  deg.  (see  Fig.  1).  The  writer  has  found  that  this  percentage  of 
error  will  increase  with  lower  wet  bulb  temperatures  and  will  de- 
crease decidedly  at  higher  wet  bulb  temperatures  (see  Fig.  2).  This 
error  is  apparently  due  to  three  factors : — 

I  St,  The  transmission  or  conduction  of  heat  of  the  surrounding  air 
through  the  layer  or  film  of  cool  air  surrounding  the  bulb  to  the 
bulb  itself ; 
2nd,  By  direct  radiation  from  surrounding  objects  which  will  nor- 
mally be  at  the  dry  bulb  temperature ; 
^rd.  Transmission  through  the  stem  of  the  thermometer  which,  of 
course,  is  at  the  dry  bulb  temperature. 
The  writer  has  found  that  this  error  could  be  largely  eliminated 
by  the  use  of  high  velocities  and  by  protecting  the  thermometer 
from  radiation  from  warmer  bodies,  and  also  by  covering  the  stem 
of  the  thermometer  with  a  wicking.     Thus,  the  error  by  transmis- 
sion or  conduction  through  the  air  itself  is  apparently  small  at  the 
usual  high  air  velocities  at  which  wet  bulb  readings  are  taken. 

The  writer  has  found  through  a  careful  mathematical  investiga- 
tion  comparing  the  observed  depression  with  a  theoretical  depres- 
sion, that  the  vapor  pressure  in  the  air  for  any  given  observed  wet 
bulb  and  dry  bulb  temperature"  of  the  standard  sHng  psychrometer 
may  be  determined  by  the  following  psychrometric  formula : — 

{P  —  e')    {t  —  f) 

e  =  e' ■ — 

69500 

2913 \-  .0017F  (t  —  f) 

80  +  fp  —  t' 

This  may  be  placed  in  an  approximate  form  more  convenient  for 
calculation,  as  follows  : — 

(P  -  e')    {t  -  t') 

e  =  c' 

69500 

2913 ■ [-   (.00000022)    (t  —  t')- 

80  +  fp  —  f 

where  e  ^=  the  vapor  pressure  of  the  moisture  actually  contained 
in  the  air,  i.e.,  the  vapor  pressure  corresponding 
to  the  dew  point ; 

e'  =  the  vapor  pressure  corresponding  to  the  observed  wet 
bulb  temperature,  using  a  sling  psychrometer  or 
air  velocity  of  approximately  2000  ; 

P  =  the  barometric  pressure  in  inches  of  mercury ; 

t    r=  the  dry  bulb  temperature  in  degrees  fahrenheit ; 
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t'   =  the  observed  wet  bulb  temperature  in  degrees  fahren- 
heit  with  a  sling  psychrometer  or  equivalent  wet 
bulb  thermometer ; 
tp  r=  the  boiling  point  in  degrees  fahrenheit  corresponding  to 
the  barometric   pressure ;    for  the   standard   baro- 
metric pressure  (29.92),  tp  equals  212  deg. 
The  general  form  of  this  was  determined  rationally  in  1911.   This 
has  been  carefully  deduced  by  calculation  in  the  plotting  of  curves 
covering  all  range  of  conditions  between  32  and  180  deg.  wet  bulb 
and  dry  bulb  temperatures  up  to  800  deg.  fahr.  and  also  for  vari- 
ous barometric  pressures.    This  is  particularly  valuable,  as  it  can  be 
applied  without  any  corrections  to  observed  wet  bulb  readings  for  all 
temperatures  above  32  deg.  with  the  probability  of  error  less  than 
that  due  to  a  tenth  of  a  degree  error  in  reading  the  wet  bulb  tempera- 
ture. 

The  dew  points  obtained  by  this  formula  have  been  compared  with 
the  corresponding  dew  points  as  given  by  the  U.  S.  Weather  Bureau 
which  were  based  on  actual  dew  point  observations  and  have  been 
found  to  agree  with  these  through  their  more  accurate  ranges,  i.e., 
the  ranges  covered  by  a  preponderance  of  actual  observations. 

This  formula,  which  is  exact  for  all  ranges  of  temperature  and 
humidity  above  32  deg.  and  for  all  barometric  pressures,  would  indi- 
cate that  Professor  Parrel's  formula,  adopted  by  the  U.  S.  Weather 
Bureau  must  be  inexact  for  extreme  conditions  of  low  humidities 
and  for  high  temperatures  at  all  humidities.  It  is  also  apparently 
inaccurate  for  low  barometric  pressures.  Through  the  usual  range 
of  normal  atmospheric  conditions,  however,  the  constants  employed 
are  such  as  apparently  to  give  very  accurate  dew  point  determina- 
tions, when  it  is  taken  into  consideration  that  the  formula  is  based 
on  a  series  of  vapor  pressures  which  are  now  known  to  be  incor- 
rect. Both  the  above  formulae  and  the  Government  formula  for 
vapor  pressures  are  inaccurate  below  32  deg.  if  ice  is  allowed  to 
form  on  the  wet  bulb,  although  these  formulae  will  apply  if  readings 
of  the  wet  bulb  are  taken  at  the  instant  water  on  the  wet  bulb  is  sub- 
cooled  to  a  minimum  point  below  the  freezing  point  without  the  for- 
mation of  ice  crystals.  The  reason  that  a  different  psychrometric 
equation  must  be  used  below  32  deg.  wet  bulb  temperature  is  that 
to  r',  the  latent  heat  of  water  vapor  at  the  wet  bulb  temperature, 
there  must  be  added  144  B.t.u.,  which  represents  the  additional  latent 
heat  required  in  the  melting  of  ice.  For  the  temperatures  below 
32  deg.  the  following  formula  is  correct : 

(P  -  e)     (t  -  t') 

e  ^^  e' 

3000  +  2.2P  —  1.6  r 
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In  Figs.  1  and  2  are  given  the  curves  showing  the  probable  per  cent 
of  error  in  the  observed  wet  bulb  depression  referred  to  the 
theoretical  wet  bulb  depression.  This  is  what  is  termed  the  radiation 
error  previously  referred  to.  It  will  be  noted  that  at  the  higher 
temperatures  the  percentage  of  error  is  exceedingly  small,  while  at 
the  very  low  temperatures  the  percentage  of  error  becomes  quite 
appreciable.  The  greatest  error  in  degrees,  of  course,  occurs  in 
perfectly  dry  air.  The  maximum  possible  degrees  of  error  in  the  de- 
pression is  somewhat  less  at  the  lower  temperatures  than  it  is  at  the 
higher  temperatures,  as  the  per  cent  of  error  must  necessarily  fol- 
low the  increments  of  total  heat  corresponding  to  the  various  wet 
bulb  temperatures.  Also,  the  maximum  depressions  increase  some- 
what faster  with  the  temperature  than  do  the  increments  of  total 
heat. 

The  vapor  pressures  in  these  formulae  are  based  on  the  Marks  & 
Davis  tables  above  32  deg.  and  Professor  C.  F.  Marvin's  tables  of 
vapor  pressures  below  32  deg.,  since  these  seem  to  be  the  most  ac- 
curate ones  available  and  are  in  perfect  agreement  with  each  other. 

Maximum  Absorbing  Capacity  of  Air. — The  maximum  amount 
of  moisture  which  a  pound  of  air  with  known  temperature  and 
moisture  content  will  absorb  when  brought  finally  to  the  point  of 
saturation  is  given  by  the  following  formula : 

(Cpa   +   C\JV)    (t—f) 

(W  —  W)  =  — 

r' 
where  W    =  the  initial  weight  of  moisture  contained  in  one  pound 
of  dry  air; 
W   =  the  pounds  of  moisture  contained  in  one  pound  of 
dry  air  if  saturated  at  the  wet  bulb  temperature  at 
the  given  barometric  pressure; 
Cpa  =  the  specific  heat  of  air ; 
Cps  =  the  specific  heat  of  water  vapor; 
t       =:  the  dry  bulb  temperature ; 
t'      =:  the  wet  bulb  temperature; 
r'      =  the  latent  heat  of  evaporation. 

Usually  at  standard  barometric  pressure  this  means  that  each 
pound  of  air  will  have  a  maximum  absorbing  and  evaporating  ca- 
pacity of  one  and  one-half  grain  of  moisture  for  each  degree  of  wet 
bulb  depression. 

In  practical  application  in  a  dry  kiln,  air  cannot  usually  be  brought 
to  complete  saturation  and  the  dryer  will  have  a  per  cent  of  effi- 
ciency depending  upon  the  ratio  of  the  actual  to  the  theoretical 
maximum  absorption.     In  the  commercial  types  of  dryers  this  will 


The  Temperature  of  Evaporation,  W.  H.  Carrier  35 

sually  vary  from  50  to  80  per  cent.  In  many  types  of  compart- 
ment dryers  it  is  necessary  to  maintain  certain  definite  relative 
numidities.  In  these  the  absorbing  capacity  of  the  air  can  be  exactly 
determined,  as  it  is  the  difference  between  the  maximum  absorbing 
capacity  of  the  air  in  the  dryer  at  known  relative  humidity  and 
therefore  known  wet  bulb  depression  and  the  theoretical  moisture 
absorbing  capacity  of  the  air  introduced. 

APPLICATION    OF    PSYCHROMETRIC    PRINCIPLES    TO    THE    DRYING    AND 
CONDITIONING  OF   MATERIALS 

A  very  interesting  and  practical  application  of  psychrometric 
principles  is  in  the  drying  and  moistening  of  hygroscopic  materials 
with  air.  In  the  drying  of  materials  two  different  and  distinct 
states  of  the  material  must  always  be  taken  into  consideration.  In 
the  first  state  there  is  free  water  present  in  excess  of  the  moisture 
which  will  be  normally  reabsorbed  by  the  material  when  subjected  to 
a  saturated  water  vapor  or  saturated  air.  It  is  in  this  state  where 
most  of  the  drying  has  to  be  accomplished.  In  the  second  condi- 
tion there  is  only  hygroscopic  material  present,  i.e.,  moisture  which 
the  material  will  absorb  of  itself  from  more  or  less  saturated  air. 

The  amount  of  moisture  which  can  be  contained  by  the  material 
in  the  first  state  is  variable  and  is  either  dependent  upon  its  porosity, 
as  in  the  sponge,  or  upon  the  limits  of  semi-fluid  consistency  as  in 
flour  dough.  In  both,  cases  the  moisture  content  is  to  a  large  extent 
determined  by  previous  mechanical  treatment,  such  as  pressing  or 
centrifugal  action.  There  is  a  point  at  which  the  material  will  con- 
tain a  large  percentage  of  free  moisture  which  cannot  be  removed 
by  any  mechanical  action.  The  free  moisture  in  the  material  has  a 
very  simple  physical  relation  to  the  material  and  is  evaporated  with 
practically  the  same  ease  that  moisture  would  be  evaporated  from 
a  free  water  surface,  except  as  its  diffusion  may  be  retarded  by  the 
natural  lack  of  porosity  of  the  material,  as  for  example  in  the 
drying  of  chicle. 

The  maximum  regain,  that  is,  the  maximum  amount  of  moisture 
which  materials  will  hold  in  saturated  air  due  to  their  hygroscopic 
properties,  is  a  very  definite  quantity  for  each  material  but  varies 
greatly  with  different  materials.  For  example,  at  95  per  cent  rela- 
tive humidity,  cotton  will  hold  from  19  to  20  per  cent  of  moisture, 
silk  will  hold  from  23  to  24  per  cent  of  moisture,  while  wool  will 
hold  from  26  to  27  per  cent  of  moisture.  Above  this  to  saturation 
the  moisture  content  will  increase  rapidly  to  probably  from  6  to  10 
per  cent  higher  in  each  case. 

The  hygroscopic  moisture  in  the  material  as  distinguished  from 
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the  free  moisture  bears  a  very  intimate  relation  to  the  material 
itself.  The  relation  is  on  the  border  line  between  chemical  and 
physical,  precisely  as  is  the  case  with  the  solution  of  a  soluble  salt 
in  water. 

It  is  a  well  known  physical  fact  that  free  water,  whether  in  a 
v^acuum  or  exposed  to  atmosphere,  generates  a  vapor  pressure  at 
its  surface  which  is  identical  with  the  pressure  of  the  saturated 
water  vapor  at  the  same  temperature  as  the  water.  In  other  words, 
a  free  body  of  water  tends  to  saturate  the  space  surrounding  it 
until  the  vapor  tension  in  the  space  and  at  the  surface  of  the  water 
are  at  an  equilibrium.  If  no  heat  from  outside  were  applied,  then 
this  vapor  tension  at  the  surface  of  the  water  and  the  final  tempera- 
ture of  the  air  and  saturated  vapor  in  the  given  space  would  be  the 
true  or  theoretical  wet  bulb  temperature. 

The  force  producing  the  evaporation  is  the  vapor  pressure  at 
the  surface  of  the  water  corresponding  to  the  water  temperature. 
The  heat  to  maintain  this  vapor  pressure,  however,  is  supplied  from 
the  air  where  no  other  source  of  heat  is  available,  as  in  the  case  of 
the  wet  bulb  thermometer  and  similar  phenomena. 

In  insoluble  hygroscopic  materials  the  vapor  tension  of  the  water 
in  the  material  is  apparently  the  same  as  the  vapor  pressure  corre- 
sponding to  the  temperature  of  the  material  whenever  the  material 
contains  more  moisture  than  it  is  capable  of  absorbing  hygro- 
scopically.  Whenever  the  moisture  in  the  material  is  less  than  the 
maximum  possible  hygroscopic  moisture  content,  the  vapor  pres- 
sure of  the  moisture  in  the  material  is  less  than  the  vapor  pressure 
corresponding  to  the  temperature  of  the  material.  This  apparent  re- 
duction in  vapor  pressure  of  the  hygroscopic  material  is  probably 
caused  by  the  affinity  of  the  partially  saturated  material  for  moisture. 

The  vapor  pressure  corresponding  to  a  given  constant  tempera- 
ture decreases  in  a  definite  manner  as  the  content  of  hygroscopic 
moisture  in  the  material  is  decreased  and,  of  course,  it  increases  with 
the  increase  of  the  moisture  content  up  to  the  saturation  point  of 
the  material,  where  it  is  presumably  the  same  as  the  vapor  pressure 
for  free  water.  The  vapor  pressure  exerted  by  the  hygroscopic 
material  in  a  given  material  may  be  conveniently  expressed  as  a  per- 
centage of  the  pressure  of  saturated  water  vapor  at  the  same 
temperature. 

Fig.  3  gives  the  percentage  of  vapor  pressure  exerted  by  the  hy- 
groscopic moisture  in  American  cotton  at  77  deg.  fahr.,  according  to 
determinations  made  by  Schloesing.  It  will  be  seen  from  this  that 
the  vapor  pressure  increases  relatively  slowly  with  a  small  moisture 
content  and  also  with  a  high  moisture  content,  while  the  most  rapid 
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increase  of  vapor  pressure  occurs  at  about  38  per  cent  of  normal 
vapor  pressure,  or  at  about  5  parts  moisture  per  100  parts  of  dry 
material.  This  vapor  pressure  curve  is  characteristic  of  all  hygro- 
scopic materials,  although  the  corresponding  percentages  of  moisture 
in  the  material  vary  widely  with  the  nature  of  the  material. 

The  absolute  vapor  pressure  of  the  moisture  in  the  material  is,  as 
previously  stated,  dependent  upon  the  temperature  of  the  material, 
as  well  as  upon  its  hygroscopic  moisture  content.  When  material  is 
exposed  to  an  atmosphere  having  a  lower  vapor  pressure  than  that 
of  the  moisture  in  the  material,  the  hygroscopic  moisture  will  tend  to 
evaporate  from  the  material  until  an  equilibrium  in  vapor  tension 
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FIG.  3.     VAPOR   PRESSURE    OF   MOISTURE    IN    AMERICAN    COTTON    AT 

77  DEC.  FAHR. 


between  the  moisture  in  the  material  and  the  moisture  in  the  at- 
mosphere is  reached.  In  this  process  sensible  heat  is  absorbed 
either  from  the  material  or  the  atmosphere  or  both  and  converted 
into  latent  heat  of  the  water  vapor  released.  Conversely,  when  the 
vapor  tension  in  the  material  is  lower  than  that  of  the  surrounding 
atmosphere  moisture  is  actually  absorbed  by  the  material  from  the 
atmosphere  until  the  two  vapor  pressures  are  equalized.  In  this 
absorption  process  the  water  vapor  is  actually  condensed  into  a 
liquid  within  the  material  and  the  latent  heat  of  absorption  is  lib- 
erated, raising  both  the  temperature  of  the  material  and  of  the  sur- 
rounding air  a  corresponding  amount.  This  is  an  effect  often  over- 
looked by  engineers.  A  dry  product  will  liberate  heat  very  rapidly 
in  the  absorption  of  moisture  and  in  some  cases  so  rapidly  as  to  in- 
jure the  product  when  there  is  a  high  temperature  of  the  saturated 
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atmosphere.  In  moistening  the  material,  air  has  to  be  supplied  for 
removing  the  latent  heat  of  absorption  as  well  as  to  supply  the  nec- 
essary moisture. 

Rate  of  Evaporation  and  Absorption. — Some  years  ago  the  writer 
made  a  series  of  tests  to  determine  the  laws  governing  the  rate  of 
evaporation  from  a  free  water  surface.  It  was  found  that  there 
were  three  controlling  factors  which  determined  this  rate  of  evapora- 
tion : — 
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FIG.  4.     CURVES   SHOWING  B.T.U.   TRANSMISSION   BY  EVAPORATION   FROM 

WATER   SURFACE 

VV'ith   various  velocities   of  air   per   inch   pressure   difference    (mercury)    in  vapor   pressure 
in   air  and  vapor  pressure   of  water    (as  determined  by  Carrier — 1913-14) 

1st,  The  vapor  tension  of  the  water  corresponding  to  its  tempera- 
ture; 
2nd,  The  vapor  tension  of  the  moisture  in  the  air  corresponding  to 

its  absolute  moisture  content  or  dew  point  temperature ; 
^rd,  The  effective  velocity  of  air  over  the  surface. 

It  was  found  that  both  in  still  air  and  under  constant  conditions 
of  air  velocity  the  rate  of  evaporation  from  the  surface  was 
proportional  to  the  difference  in  vapor  pressure  between  the  air  and 
water  regardless  of  the  temperatures  of  the  air.  The  evaporation 
from  an  unheated  water  surface  at  constant  air  velocity  would  be  in 
direct  proportion  to  the  difference  in  vapor  tensions  corresponding 
respectively  to  the  dew  point  of  the  air  and  to  wet  bulb  temperature 


The  Temperature  of  Evaporation,  W.  H.  Carrier 


39 


of  the  air.  It  will  be  seen  by  referring  to  the  psychrometric  for- 
mula, that  the  difference  of  the  vapor  tensions  is  nearly  proportional 
to  the  difference  between  the  wet  and  dry  bulb  temperatures  for  all 
atmospheric  conditions.  Therefore,  the  rate  of  evaporation  from 
an  unheated  water  surface  at  a  given  air  velocity  is  practically  pro- 
portional to  the  wet  bulb  depression  regardless  of  the  temperature. 
It  was  also  found  that  for  a  constant  difference  of  vapor  pressures, 
the  rate  of  evaporation  started  with  a  fixed  minimum  in  still  air  and 
increased  from  this  point  in  direct  proportion  as  the  air  velocity  was 
increased.     The  rate  of  evaporation  from  a  free  water  surface  at 


100    zoo   300   4D0   500   600    700    800  900    1000  1100  1200  1300  1400  1500  1600 
Air  Velocity  in  Feet  per  Minute  over  Evaporator 

FIG.  S.  HEAT  TRANSMISSION  BY  EVAPORATION  FROM  SURFACE  OF 

WET  BULB  EVAPORATOR  (WITH  TRANSVERSE  FLOW) 

As  determined  by  B.  H.  Coffey  and  Geo.  A.  Home,   1916 

varying  velocities  per  inch  difference  of  vapor  pressure  as  obtained 
by  these  experiments  is  shown  by  Fig.  4.  From  this  it  will  be  seen 
that  the  rate  of  evaporation  from  a  free  water  surface  with  parallel 
air  How  may  be  simply  expressed  numerically  as  follows  : — 

(95  +  0.425F) 
G  = (^w  —  ^a) ; 


and  with  tratisverse  air  flow  as  follows 
(201  -h0.88F) 
G  = (^w 


Ca)   (approx.) 
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where  G  =  the  pounds  of  water  evaporated  per  sq.  ft.  per  hr. ; 

Cy,  =  the  vapor  pressure  in  inches  of  mercury  corresponding 

to  the  temperature  of  the  water ; 
£'a  =  the  vapor  pressure  of  the  moisture  in  the  air; 
V  =  the  velocity  of  the  air  in  feet  per  minute; 
r    =  the  latent  heat  of  evaporation. 

The  way  the  air  current  is  applied  to  the  surface  will  make  a  very 
marked  difference  in  the  coefficient  of  velocity. 

A  similar  determination,  although  based  entirely  on  wet  bulb  tem- 
peratures of  the  water  was  made  by  B.  H.  Coffey  and  George  A. 
Home  (see  Fig.  5).  The  results  of  these  experiments  were  pre- 
sented before  The  American  Society  of  Refrigerating  Engineers  in 
1917.  The  surface  which  they  used  was  not  a  flat  horizontal  surface 
and  this  accounted  for  their  getting  somewhat  different  values  from 
those  of  the  writer.  The  writer's  data,  however,  were  most  cer- 
tainly well  verified  by  the  large  number  of  tests  made  and  the  wide 
ranges  of  temperature  of  water  used.  The  test  was  also  made  in 
air  in  which  the  temeprature  and  humidity  were  automatically  regu- 
lated to  a  constant  artificial  condition.  This  gives  very  good  data 
for  calculating  the  rates  of  evaporation  from  a  free  water  surface 
with  known  humidity  and  velocity  conditions  of  the  air,  and  from 
porous  materials  which  contain  moisture  in  excess  the  maximum 
hygroscopic  moisture  content. 

The  above  data  may  also  be  made  to  apply  to  the  calculation  of 
the  rate  of  removal  of  hygroscopic  moisture  from  material,  provid- 
ing that  the  vapor  pressure  corresponding  to  the  moisture  content 
of  the  material  and  to  its  temperature  is  known.  The  temperature 
of  the  wet  material  will  remain  practically  at  the  wet  bulb  tempera- 
ture until  all  of  the  free  moisture  is  evaporated ;  then  its  temperature 
will  gradually  rise  until  the  vapor  pressure  in  the  material  corres- 
ponding to  the  vapor  pressure  in  the  surrounding  air  and  the  ma- 
terial is  at  the  same  temperature  as  the  dry  bulb  temperature  of  the 
surrounding  air. 

Curve  I  on  Fig.  6  indicates  the  temperature  of  the  material  of 
known  hygroscopic  quality,  namely  cotton,  at  different  percentages 
of  moisture  content  and  subjected  to  a  current  of  air  having  a  dry 
bulb  temperature  of  100  deg.  and  an  observed  wet  bulb  temperature 
of  70  deg.,  with  a  corresponding  dew  point  of  52.9  deg.  and  a  vapor 
pressure  corresponding  to  its  moisture  content  of  0.4033  in.  of  mer- 
cury. This  shows  how  the  temperature  of  the  material  rises  as  the 
material  loses  its  moisture  content  and  the  vapor  pressure  of  the 
moisture  in  the  material  approaches  the  vapor  pressure  in  the  air. 
It  is  this  tendency  of  vapor  pressures  to  equalize  that  permits  of 
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uniform  drying  of  dense  and  thick  materials,  such  as  wood,  pottery, 
etc.  As  the  evaporation  from  the  materials  falls  off  to  a  small  point 
owing  to  the  free  moisture  from  the  surface  having  been  removed, 
the  temperature  of  the  material  tends  to  rise  to  the  dry  bulb  tem- 
perature ;  then  the  vapor  pressure  of  the  free  moisture  inside  the 
material  tends  to  approach  the  vapor  pressure  corresponding  to  the 
dry  bulb  temperature  of  the  air,  which  is  very  much  high«r  than  the 
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Ports  of  Moisture  oontamed  by  100 parts  of  Material 

EFFECT    OF    MOISTURE   CONTENT   UPON   THE    TEMPERATURE   AND 
RATE   OF  DRYING   OF  MATERIAL 


For  American  Cotton  with  air  temperature  of   100  deg.   fahr.    (dry  bulb)   and  70 
deg.  fahr.   (wet  bulb) 


vapor  pressure  corresponding  to  the  dew  point  or  even  than  the 
vapor  pressure  corresponding  to  the  wet  bulb  temperature.  This 
is  an  actual  pressure  difference  producing  dift'usion  of  water  vapor 
and  tending  to  re-establish  the  equalization  of  vapor  pressures  within 
and  without  the  material. 

It  will  be  found  by  referring  to  high  pressure  psychrometric 
charts,  such  as  those  which  have  been  prepared  by  the  writer,  that 
the  differences  of  vapor  pressures  corresponding  to  dry  bulb  tem- 
peratures and  to  dew  points  respectively,  increase  very  rapidly  with 
the  temperature  with  constant  relative  humidities  so  that  the  rate  of 
diffusion  of  moisture  through  dense  materials  goes  on  many  times  as 
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rapidly  at  the  high  temperatures  which  are  obtained  in  dry  kilns  even 
with  high  relative  humidities  than  under  conditions  that  obtain  at 
normal  atmospheric  conditions.  Practical  operation  of  dry  rooms, 
would  seem  to  show  that  diffusion  of  moisture  is  also  facilitated  by 
keeping  the  material  in  a  rather  moist  hygroscopic  state. 

Curve  II  on  Fig.  6  shows  the  relative  rate  of  evaporation  of  hygro- 
scopic moisture  in  cotton  compared  with  the  rate  of  evaporation 
with  free  moisture.  It  is  interesting  to  note  what  happens  at  mois- 
ture contents  less  than  that  corresponding  to  the  vapor  pressure  of 
the  air.  At  a  moisture  content  of  3.7  parts  per  hundred,  the  vapor 
pressure  of  the  moisture  in  the  material  and  the  temperature  are  the 
same  as  that  of  the  air  and  the  rate  of  evaporation  is  zero.  At 
moisture  contents  of  material  below  this  point,  the  rate  of  evapora- 
tion becomes  negative,  i.e.,  there  is  absorption  of  moisture.  For 
example,  the  rate  of  absorption  with  material  containing  two  parts 
of  moisture  is  exactly  as  rapid  as  the  drying  which  occurs  when  the 
material  contains  6.3  parts  of  moisture.  The  temperature  of  the 
material,  however,  will  be  higher  than  the  dry  bulb  temperature  of 
the  air.  In  this  particular  case  it  would  be  118  deg.,  while  with  6.3 
parts  of  moisture  content  the  temperature  of  the  material  would  be 
82  deg.  These  relations  may  easily  be  worked  out  for  any  known 
material  and  any  hygroscopic  condition. 

The  rate  of  evaporation,  of  course,  will  vary  with  the  velocity 
exactly  as  it  does  with  the  free  moisture  surface,  except  where  the 
diffusion  of  moisture  is  slower  than  the  normal  rate  of  evaporation. 
When  this  point  is  reached,  increased  air  velocities  will  be  of  slight 
advantage. 

The  formulae  by  which  the  temperature  of  material  and  the  rate 
of  evaporation  in  a  hygroscopic  material  may  be  calculated  are  as 
follows : — 

(w^m — e) 

c 

where  t         =  the  temperature  of  the  air ; 

t^       =  the  temperature  of  the  material; 

m       =  the  per  cent  of  vapor  pressure  corresponding  to  the 

temperature  and  to  the  per  cent  of  moisture  in  the 

material ; 
Cm      =  the  vapor  pressure  corresponding  to  the  saturation 

at  the  temperature  t^ ', 
mCm  =  the  vapor  pressure  of  the  moisture  in  the  material 

in  the  process  of  evaporation ; 
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C      =  the   psychronietric   coefficient  and   is   determined   as 
follows : 

P  —  e' 
C  = 

GU500 

2913 h  0.054  (t  —  r) 

80  +   ^p  —  t' 
The  relative  rate  of  evaporation  or  of  absorption  compared  with 
that  of  a  free  water  surface  is : 

lUCa,  e  t  tm 


e'  —  e  t  —  f 

Many  hygroscopic  materials  are  very  easily  injured  in  drying,  as 
for  example,  hard  wood,  ceramic  ware,  macaroni,  paper,  leather,  etc. 
It  has  been  usual  to  avoid  injury  by  slow  drying,  but  this  is  not  at 
all  necessary,  neither  is  it  at  all  effective.  Material  can  be  injured 
in  slow  drymg  if  the  moisture  conditions  are  not  right  and  it  is  much 
more  apt  to  be  injured  by  slow  drying  at  low  temperatures  without 
regulation  than  by  rapid  drying  under  properly  regulated  conditions. 

There  are  two  especially  critical  stages  in  the  drying  of  all  such 
products.  The  first  stage  is  in  the  removal  of  the  free  moisture  and 
a  proportion  of  the  hygroscopic  moisture.  This  should  be  done  at 
high  humidities  which  will  keep  the  materials  pliable  and  prevent 
cracking,  checking,  warping  or  brittleness. 

The  next  critical  point  in  the  drying  is  the  point  at  which  normal 
regain  of  moisture  content  is  to  be  secured  at  the  end  of  the 
process  of  drying.  Many  processes  of  drying  injure  the  product  by 
the  removal  of  moisture  far  beyond  the  point  which  occurs  under 
normal  atmospheric  conditions.  Another  point  is  that  materials  do 
not  exhibit  the  proper  elasticity,  flexibility,  appearance,  etc.,  when 
dried  to  an  excessive  degree.  In  many  cases  the  manufacturer 
loses  considerable  in  the  market  value  of  his  product  owing  to  the 
fact  that  he  is  selling  it  at  a  weight  which  is  below  normal  owing 
to  the  excessive  removal  of  moisture. 

It  has  been  found  possible  to  determine  and  control  automatically 
the  moisture  content  of  hygroscopic  materials  to  a  remarkable  de- 
gree of  accuracy  in  the  final  stages  of  drying  and  conditioning  and 
also  to  secure  a  perfectly  uniform  distribution  of  moisture  through- 
out all  parts  of  the  product,  which  is  also  usually  essential. 

SUMMARY 

It  has  been  shown  that : — 
1.  The   psychrometric   wet   bulb   temperature   and    temperature   of 
evaporation  are  substantially  identical. 
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2.  In  fan  system  tunnel  dryers  and  in  humidifiers,  the  wet  bulb  tem- 

perature remains  constant  throughout,  while  the  dry  bulb  tem- 
perature gradually  falls  to  the  wet  bulb  temperature  when  the 
air  becomes  saturated. 

3.  The  wet  bulb  temperature  and  temperature  of  evaporation  are 

dependent  simple  physical  relations  of  moisture  density,  spe- 
cific heat  and  density  of  air,  and  latent  heat  of  evaporation. 

4.  The  above  relation  may  be  conveniently  expressed  in  simplified 

terms  of  vapor  pressure,  temperature  and  barometric  pressure 
by  two  psychrometric  equations,  one  of  which  holds  for  all 
temperatures  and  humidities  above  32  deg.  fahr.  and  for  all 
barometrical  pressures,  the  other  for  all  wet  bulb  temperatures 
below  33  deg.  fahr. 

5.  The  wet  bulb  temperature  or  evaporation  temperature  is  most 

important  from  the  standpoint  of  air  conditioning,  as  it  deter- 
mines the  total  heat  content  of  the  air,  and  any  change  in  heat 
content  is  indicated  by  a  corresponding  change  in  wet  bulb 
temperature. 

6.  The  vapor  pressure  exerted  by  moisture  in  hygroscopic  materials 

is  discussed  and  it  has  been  shown  that  the  vapor  pressure  of 
hygroscopic  moisture  varies  with  the  moisture  content  and  with 
the  temperature. 

7.  Experimental  data  have  been  given  on  the  rate  of  evaporation 

from  a  free  water  surface  at  various  air  velocities  and  the 
means  for  calculating  the  same  have  been  indicated. 

.S.  A  method  for  calculating  the  comparative  rates  of  evaporation 
of  hygroscopic  moisture  in  materials  has  been  developed. 

I).  The  fundamental  principles  underlying  the  drying  or  moisten- 
in  of  materials  with  air  are  shown  to  be  based  on  vapor  pressure 
and  upon  the  wet  bulb  temperature  or  temperature  of  evapora- 
tion. 

10.  In  conclusion,  it  should  be  emphasized  that  the  underlying  prin- 
ciples and  data  herein  given,  while  exact  of  themselves, 
cannot  except  in  a  few  limited  cases  be  directly  applied  in  cal- 
culating the  performance  of  the  numerous  types  of  dryers  upon 
the  market.  These  data  must  necessarily  be  supplemented  by 
practical  tests  upon  each  type  of  dryer  or  system  of  air  circu- 
lation. The  chief  value  of  these  data  is  that  they  permit  a 
rational  interpretation  of  the  results  obtained  in  practice  and 
permit  very  accurate  determinations  of  the  variation  in  results 
which  will  be  secured  by  varying  the  conditions  of  drying,  such 
as  air  velocity,  temperature  and  humidity. 
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Note. — Since  this  paper  was  prepared,  the  writer's  attention  has  been 
called  to  a  recent  paper  presented  by  Mr.  William  D.  Hartshorn  at  the 
Annual  Meeting  of  The  American  Society  of  Mechanical  Engineers,  Decem- 
ber, 1917.  In  this  paper,  Mr.  Hartshorn  gives  some  very  reliable  data  on 
the  moisture  content  of  materials  and  makes  slight  corrections  in  Schloesing's 
values  of  regain.  These  results  would  require  a  slight  revision  to  be  made 
in  Figs.  3  and  6,  but  as  these  were  merely  illustrative,  it  is  not  believed  to 
be  of  importance  so  far  as  this  paper  is  concerned. 

APPENDIX 

The  following  data  are  used  in  the  determination  of  the  theoretical 
wet  bulb  or  temperature  of  evaporation. 
In  the  fundamental  formula : 

r'W  —  Cpa  {t  —  f) 
IV  = 


r   +  Cps   {t  —  t') 

and  for  wet  bulb  temperatures  below  32  deg. : 

{r    +   144)    W  —  Cpa   (t  —  f) 

IV  = 

(r'  +   144)    +   Cps   (t  —  f) 

W  is  determined  from  the  formula : 

Se' 

W  = 

P  —  e' 

where  IV  =  the  weight  of  water  contained  in  1  lb.  of  dry  air  at 
saturation  at  temperature  f  ; 
5"      =  the  specific  weight  of  water  vapor  at  the  tempera- 
ture f ; 
P      ^  the  barometric  pressure  ; 
e'      =  the  vapor  pressure  in  inches  of  mercury  at  /'. 
The  values  of  e  are  taken  from  the  tables  of  Marks  and  Davis 
above  32  deg.  and  the  values  determined  by  Prof.  C.  F.  Marvin  below 
32  deg.     The  values  of  6"  are  determined  from  the  corresponding 
volume  tables  in  which  the  errors  have  been  eliminated  by  plotting 
a  curve.     This   curve  gives  the   formula   for  5  in   terms  of  e  as 
follows : 

6"  =  0.6221  +  0.0015  y/e  +  0.00004445  e^-^'^ 
The  theoretical  value  of  5"  is  0.6221,  which  has  been  used  by  the 
Government.     It  will  be  seen,  however,  that  this  rises  considerably 
with  the  vapor  pressure  and  temperature. 
The  instantaneous  heat  of  air  is 

Cpa  =  0.24024  -f  0.000009  t  deg.  fahr. 
This  is  approximately  the  same  value  which  the  writer  quoted  from 
W.  F.  G.  Swann  (Phil.  Trans.  Royal  Soc,  series  A,  vol.  210,  pp. 
199-238,  1909)  in  the  writer's  paper  before  The  American  Society 
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of  Mechanical  Engineers  in  1911.  The  determination  of  the  con- 
stant, however,  which  was  sHghtly  lower  (0.24024  instead  of 
0.24112)  is  the  value  obtained  by  Holborn  in  his  experiments  in  Ger- 
many in  1913.  These  determinations  were  made  with  the  greatest 
accuracy  and  substantially  confirm  the  values  obtained  by  Swann, 
which  were  considerably  higher  than  the  old  value  determined  by 
Regnault  of  0.2375. 

The  instantaneous  specific  heat  of  water  vapor  is  taken  from  the 
approximate  straight  line  equation  for  the  lower  degrees  of 

Cps  =  0.4340  +  0.0135  t  deg.  fahr. 

as  determined  by  Langen  and  approved  by  Goodenough.  Both  the 
specific  heat  for  steam  and  air  were  taken  at  a  temperature  corres- 
ponding to  the  mean  between  t  and  t' . 

The  value  of  r  is  taken  from  the  tables  of  Marks  and  Davis  above 
32  deg.  The  values  of  r  below  32  deg.  are  assumed  to  conform  to 
the  practically  straight  line  equation  for  values  of  r  below  100  deg., 
which  is  as  follows  : 

r  =  1091  —  0.57  t. 

The  latent  heat  of  vaporization  of  ice  below  32  deg.  is  taken  as 

r  =  1235  —  0.57  t. 


DISCUSSION 

The  President  :  I  believe  that  this  paper  could  well  be  divided 
into  two,  one  on  the  development  of  air  formula  and  the  tempera- 
ture of  evaporation,  and  the  other  on  the  application  of  psychro- 
metric  principles  to  the  drying  and  conditioning  of  materials.  I  will 
call  on  Mr.  Harrison. 

B.  S.  Harrison  :  I  agree  that  the  story  of  what  a  drier  is 
doing  is  told  by  the  effluent  heat  and  not  by  the  heat  supplied,  and 
that  is  where  the  readings  should  be  taken. 

The  Author:  I  did  not  emphasize  that  point  as  much  as  I 
should,  but  that  is  where  the  readings  should  be  taken. 

H.  C.  Gore:  Does  the  drying  act  like  a  wet  bulb  thermometer  or 
a  free  water  surface? 

The  Author:  The  wet  bulb  thermometer  and  free  water  sur- 
face act  exactly  alike.  The  rate  of  evaporation  is  different  owing 
to  the  way  the  air  strikes  it.  With  a  higher  velocity  on  the  hori- 
zontal surface,  say  twice  the  velocity  or  a  little  over  twice,  there 
would  be  practically  the  same  conditions  all  the  way  through.    With 
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the  two  forms  of  surfaces,  say  the  drying  of  vegetables  in  a  tray 
and  the  air  is  blowing  over  it,  not  through,  the  rate  of  evaporation 
when  the  material  is  wet  would  be  practically  the  same  as  a  hori- 
zontal water  surface.  A  fresh  wetted  surface  performs  almost 
identically  the  same  as  a  fresh  water  surface,  but  only  does  so  for 
a  limited  time  until  the  porosity  of  the  material,  or  lack  of  porosity, 
begins  to  lower  the  supply  of  water  to  the  surface.  That  is  pointed 
out  in  the  paper. 

H.  C.  Gore  :  I  would  like  to  ask  for  information  as  to  the  range 
of  air  velocity  over  a  tray.  What  range  do  you  consider  to  be  the 
best— from  300  to  1,000  ft? 

The  Author:  The  best  range  would  depend  upon  the  means 
for  moving  the  air  and  the  power  considerations  allowed.  It  is  a 
sort  of  a  law  of  diminishing  returns.  Increased  evaporation  is 
gotten  at  the  expense  of  power  and  perhaps  other  considerations, 
such  as  speed  of  fan,  type  of  fan,  etc. ;  it  is  a  complicated  problem. 
I  would  say,  in  a  tunnel  drier,  that  a  satisfactory,  practicable  range 
for  operation  would  lie  between  300  ft.  as  a  minimum  and  1,000  or 
1,200  ft.  as  a  maximum.  It  depends,  however,  entirely  on  the  way 
the  air  is  applied,  the  type  of  fan,  etc.,  for  a  tunnel  drier,  drying 
on  trays. 

H.  M.  Hart:  As  I  understand  it,  the  effect  of  drying  would 
be  in  proportion  to  the  resistance  to  the  passage  of  air,  the  same 
as  the  capacity  for  radiating  heat  would  be  in  proportion  to  the 
resistance  to  the  passage  of  air? 

The  Author  :  Greater  resistance  gives  greater  action  surface. 
That  presents  a  greater  resistance  to  the  air  and  is  compensated 
for  largely  by  the  fact  that  it  gives  greater  results. 

B.  S.  Harrison  :  With  regard  to  the  matter  of  velocity  of  air 
over  the  material  to  be  dried,  we  had  a  very  good  opportunity  to 
try  that  out  in  the  Philippine  Islands.  We  were  drying  copra  by 
hot  air  supplied  to  the  drier,  which  was  a  circular  drier  with  the 
trays  coming  down  on  a  spiral  track.  We  put  fans  in  the  center 
of  the  drier  and  the  air  was  admitted  to  the  bottom  in  the  center; 
the  hot  air  came  up  and  was  thrown  out  by  these  fans,  and  drawn 
back  again  and  thrown  out  again  and  again  through  the  trays,  so 
that  by  the  time  it  left  the  top  of  the  drier  it  had  absorbed  all  the 
moisture  it  could  carry.  We  ran  our  fans  at  the  equivalent  of 
y2  oz  pressure  but  they  were  working  free  in  the  center  of  the 
drier.  We  got  a  high  velocity  across  the  trays  and  a  maximum 
speed  in  a  minimum  time  of  drying.  Then  Prof.  Cox,  at  the  head 
of  the  Bureau  of  Science,  tried  the  burning  of  sulphur  and  created 
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sulphurous  acid  which  attacked  the  fibre  of  the  copra  and  caused  it 
to  give  up  its  moisture  which  was  held  partly  hygroscopically  and 
partly  in  the  fibre,  and  throw  the  moisture  on  the  outside.  He 
dried  it  at  a  very  slight  velocity  and  got  the  same  results.  I  do 
not  know  whether  the  use  of  sulphurous  acid  before  vegetables  are 
dried  would  have  the  same  effect  or  a  detrimental  effect. 

W.  S.  KoiTHAN :  If  the  material  should  be  tumbled  around  us 
in  a  rotary  drier,  would  the  drying  effect  be  greater  than  if  air 
were  blown  horizontally  or  through   still  material? 

The  Author  :  The  increased  rate  of  drying  is  due  largely  to 
the  vastly  increased  surface  presented  in  the  material  falling 
through  and  the  fact  that  it  presents  a  more  effective  surface,  a 
surface  having  a  greater  resistance  and  impinging  action,  which  is 
not  gotten  to  such  an  extent  when  it  is  blowing  over  the  material. 
A  sort  of  eddy-current  effect  does  the  work  there.  The  more  the 
resistance  to  flow  is  increased  there,  the  greater  is  the  drying  effect 
which  counteracts  certain  standing  disadvantages  in  the  resistance. 

Frank  T.  Chapman  :  I  would  like  to  ask  Mr.  Harrison  as  to 
what  experience  he  has  had  in  drying  vegetables  with  the  particular 
type  of  drier  he  spoke  of  for  drying  copra?  He  told  me  he 
thought  it  was  suitable  for  drying  vegetables. 

B.  S.  Harrison  :  Most  of  the  vegetables  were  dried  with  that 
type  of  drier  which  was  9  ft.  in  diameter  and  about  12  ft.  high, 
and  contained  120  trays.  We  dried  copra  and  mango  in  the  Philip- 
pine Islands  and  also  other  vegetables  and  had  no  difficulty  at  all. 
We  also  dried  eggs,  and  we  likewise  dried  eggs  by  atomizing  them 
down  through  a  hot  air  current.  We  have,  on  a  smaller  scale  in 
the  laboratory,  dried  almost  every  vegetable  I  know  of,  except 
watermelons,  and  gotten  very  good  results. 

The  drier  is  a  circular  shell,  about  10  ft.  in  diameter.  It  has  a 
spiral  track  around  the  outside  which  starts  at  the  top  and  ends  at 
the  bottom.  The  trays  themselves  are  circular  and  they  slip  in  at 
the  top.  There  is  a  revolving  part  in  the  center,  which  has  six 
vertical  rollers,  and  as  this  revolving  portion  moves  around,  it 
rolls  these  trays  around  the  outside  so  that  all  portions  of  the  trays 
have  the  same  exposure  to  the  hot  air  blast  in  the  center.  In  the 
center  of  this  revolving  portion  is  a  vertical  shaft  carrying  five  or 
six  fans ;  the  air  is  drawn  in  by  the  first  fan  and  blown  out  again 
through  the  trays,  then  drawn  in  by  the  second  fan  and  blown  out 
again,  so  that  every  tray  by  the  time  it  has  made  the  12  spirals,  has 
made  something  like  40  revolutions,  rolling  around  the  spirals.  All 
portions  of  the  vegetables  are  dried  exactly  to  the  same  extent, 
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which  we  would  not  get  if  we  had  a  square  tray  in  one  fixed  posi- 
tion in  the  drier,  even  though  it  might  travel  through  the  drier.  Of 
course,  a  belt  drier  can  be  used,  but  in  order  to  get  the  same  area 
that  we  get  with  120  circular  trays  going  through  this  drier,  we 
would  have  to  have  a  frame  140  ft.  long. 

Frank  T.  Chapman  :  What  is  the  cost  of  such  a  drier,  and 
referring  especially  to  potatoes,  what  quantity  could  you  dry? 

B.  S.  Harrison  :  The  whole  plant  could  be  put  up  for  about 
$25,000.  It  would  turn  out  about  a  ton  of  dried  product  a  day. 
I  do  not  know  exactly  what  the  fuel  consumption  would  be  on  that 
basis,  but  from  tests  we  have  made,  we  have  gotten  results  pretty 
close  to  0.4  lb.  of  coal  per  pound  of  water  evaporated,  using  an 
air  heater  running  at  about  88  per  cent  efficiency.  We  were  work- 
ing at  a  hot  air  temperature  not  higher  than  about  155  deg.  (as  Mr. 
Gore  stated,  160  deg.  is  the  maximum  that  can  be  used  with  most 
vegetables  and  some  of  them  will  not  stand  even  that).  The  cost 
per  pound  of  dried  product  is  going  to  vary  with  a  number  of 
things : — first,  the  cost  of  the  vegetable  itself  as  it  comes  to  the 
drier  plant ;  second,  with  the  cost  of  coal  and  the  cost  of  labor, 
although  the  coal  cost  is  not  so  large  a  proportion  of  the  total  cost 
of  output  as  one  might  think.  Then  the  fixed  charges  of  course, 
will  vary  with  the  number  of  hours  a  day  that  the  plant  is  run 
and  also  with  the  number  of  months  in  the  year  in  which  it  can 
be  run. 

Fred.  F.  Bahnson  :  Where  vegetables  are  dried  and  the  free 
moisture  is  gotten  out,  leaving  what  is  termed  the  hygroscopic  mois- 
ture, if  you  plot  the  rate  of  drying  against  time,  do  you  get  a 
distinct  break  in  that  curve  where  you  leave  the  free  moisture 
for  the  hygroscopic  moisture?  Those  of  us  who  have  been  work- 
ing in  textile  lines  a  good  deal,  know  that  in  the  absorption  of 
moisture  by  cotton  yarn,  for  example,  we  strike  a  point  where 
we  get  up  against  the  time  element  in  the  absorption,  and  when  we 
strike  that,  any  additional  velocity  of  the  air  is  useless  because  the 
cotton  will  not  take  the  moisture.  In  other  words,  is  there  a  point 
in  drying  beyond  which  high  velocity  does  not  do  any  good? 

The  Author:  That  is  answered  by  the  curve  on  page  243  of 
the  January  Journal.  While  there  is  free  moisture  in  a  very 
porous  material,  or  a  material  that  hasn't  any  great  thickness, 
where  the  moisture  does  not  readily  go  to  the  surface,  there  it 
would  be  effective.  But  with  moisture  going  to  the  surface  rather 
freely  as  it  does  in  many  materials,  the  rate  is  practically  constant, 
so  that  it  would  be  an  increasing  straight  line,  and  when  hygroscopic 
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moisture  is  encountered,  there  is  a  very  slight  increase.  Free  mois- 
ture is  a  straight  line  curve,  practically,  with  very  porous  materials, 
and  then  it  begins  to  fall  off,  very  imperceptibly  at  first  and  then 
very  rapidly  when  it  contains  about  three-quarters  of  its  hygro- 
scopic moisture.  When  about  a  quarter  of  the  first  hygroscopic 
moisture  has  been  removed,  there  is  a  rather  abrupt  change;  it  is 
a  gradual  change  but  at  a  greater  rate,  and  then  toward  the  end 
it  is  very  slow.  The  rate  is  very  low  and  the  temperature  of  the 
material  will  show  that  to  some  extent. 

The  temperature  of  the  material  indicates  the  amount  of  drying 
that  is  going  on.  When  it  is  perfectly  wet,  it  is  very  near  the  wet 
bulb  temperature,  and  remains  so  as  long  as  it  has  got  hygroscopic 
moisture.  Then  it  begins  to  rise  in  temperature,  and  when  it  is 
nearly  to  the  condition  of  the  air  (it  is  never  perfectly  dry  because 
air  is  always  moist  to  some  extent,  and  it  could  not  be  perfectly 
dried  with  moist  air)  it  approaches  very  close  to  the  dry  bulb  tem- 
perature ;  that  is  an  indication  that  it  is  pretty  nearly  dry.  There 
is  no  abrupt  change — it  is  gradual,  but  the  break  from  the  straight 
line  drops  down  into  a  slowing  down  which  indicates  that  it  is 
on  the  hygroscopic  moisture. 

Fred.  E.  Bahnson  :     Then  you  don't  need  the  speed  ? 

The  Author:  The  speed  helps  in  the  first  part,  the  first  two- 
thirds,  removing  the  hygroscopic  moisture,  but  not  much  in  the  last. 

H.  C.  Gore  :  Does  the  drying  material  on  conditioning  heat 
when  it  is  below  the  point  at  which  it  has  free  moisture?  Will 
it  heat  if  moistened  then? 

The  Author  :  It  will  only  heat  when  below  the  point  of  free 
moisture.  Above  the  point  of  free  moisture  you  could  not  add 
any  moisture — you  do  not  add  it  by  actual  wetting  it  with  free 
water.  That  is  quite  an  important  point  that  is  often  overlooked, 
that  materials  in  taking  on  moisture  do  not  heat  up  due  to  the  latent 
heat  that  is  given  up  in  the  moisture  in  going  from  the  vapor 
state  to  apparently  what  is  a  liquid  state  in  the  material. 

Frank  T.  Chapman  :  I  desire  to  offer  a  motion  for  a  vote  of 
thanks  to  Mr.  Carrier  for  presenting  this  very  interesting  paper  so 
full  of  data  of  interest  to  us  and  which  shows  how  much  time  has 
been  spent  in  its  preparation. 

The  motion  was  seconded  and  unanimously  carried. 
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ADDRESS  ON  FUEL  CONSERVATION 

By  L.  p.  Breckenridge\  New  Haven,  Conn. 
Non-Member 

THE  coal  situation  at  this  time  consists  of  four  parts.  The  first  part 
is  the  production  of  coal;  the  second  part  is  the  distribution  of  coal; 
the  third  part  is  to  determine  who  shall  use  the  coal  that  is  distributed; 
and  the  fourth,  which  is  my  special  job  and  which  has  been  rather  over- 
shadowed by  the  other  three,  is  to  use  with  economy  the  coal  w^  happen 
to  get.  I  think  it  is  fair  to  say  that  as  far  as  the  production  of  coal  is 
concerned  in  the  United  States,  we  have  produced  this  year  much  more 
coal  than  ever  before  in  our  history.  How  much  is  not  known  quite 
definitely,  but  probably  640,000,000  tons.  The  question  of  distributing  this 
amount  of  coal  has  become  very  complex  as  well  as  difficult. 

The  questions  relating  to  coal  production  and  its  distribution  began  way 
along  last  June,  when  the  Lane-Peabody  plan  was  suggested  which  was 
later  wiped  out  by  some  other  representative  of  the  government.  It  is 
perhaps  well  known  that  the  method  of  producing  coal  depends  upon  having 
a  car  to  put  it  in.  If  there  is  not  a  railroad  car  on  the  track  into  which  the 
coal  can  be  put,  the  coal  is  not  mined.  It  is  easier  and  cheaper  and  quicker, 
with  all  of  our  machinery,  to  go  down  in  the  mine  and  get  a  ton  of  coal 
and  put  it  in  the  car  when  the  car  is  there  ready  for  it  than  to  produce 
the  coal  and  try  to  store  it. 

During  1916  the  coal  miners  in  the  bituminous  district  worked  201  days 
They  produced  the  greatest  tonnage  of  coal  that  had  ever  been  produced 
up  to  that  time.  It  is  very  evident  that  if  they  had  worked  300  days,  they 
could  have  produced  a  third  more  coal.  The  mechanical  equipment  of 
our  coal  mines  and  the  facilities  for  production  are  such,  that  I  believe 
we  could  easily  produce  250,000,000  tons  more  coal  than  v,-e  produced  last 
year,  so  that  the  question  of  production  in  the  future  is  safe ;  we  are  not 
hampered  by  lack  of  machinery  and  equipment  for  producing  coal. 

But  why  have  we  not  been  able  to  have  a  car  at  the  mine?  Why  have  we 
not  sufiicient  railway  equipment  to  handle  the  tonnage  offered  to  the  railways? 
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The  railways  have  been  working  under  difficult  restrictions ;  they  could  not  in- 
crease the  rates  charged  for  manufacturing  transportation  while  they  had 
to  pay  more  for  labor  and  materials.  They  have  not  been  able  pay  any 
profit;  consequently  they  have  not  bought  cars  or  locomotives  and  have 
not  extended  their  tracks  or  provided  sufficient  terminals.  In  fact,  the 
entire  railway  equipment  of  the  country  has  suffered  in  the  last  two  or 
three  years. 

Of  the  entire  weight  of  freight  handled  by  the  railroads,  35  per  cent  is 
coal.  This  is  a  very  large  proportion ;  in  the  eastern  district,  meaning  New 
York,  Pennsylvania,  New  Jersey  and  New  England,  43  per  cent  of  the 
weight  of   freight  handled  by  the   railroads   is  coal. 

Just  at  the  present  time  we  lack  coal — 50,000,000  tons  they  told  us  two 
months  ago  or  perhaps  35,000,000  tons  now.  It  is  a  physical  impossibility 
to  go  back  and  catch  up  that  coal  we  didn't  produce  and  distribute  three 
or  four  months  ago.  It  will  never  be  produced  and  distributed  this  year — 
we  have  lost  our  chance  to  distribute  it,  and  because  we  lost  our  chance 
we  are  now  short  of  coal.  We,  are  compelled  to  divide  and  be  careful 
so  that  everybody  will  get  his  share.  It  is  not  an  easy  problem  to  deal 
out  this  coal ;  the  question  of  priority  becomes  a  great  question  and  a  very 
difficult  question  to  decide. 

We  lack  35,000,000  tons  of  coal  and  we  cannot  get  it  and  somebody  has 
got  to  save  it.  There  are  two  ways  to  save  it :  first,  not  to  let  anybody 
burn  it  (that  is  what  was  expected  in  the  five  days  workless  shutting  down 
period,  and  in  the  ten  workless  Mondays  ahead  of  us),  and  second,  the 
conservation  or  saving  of  the  coal  that  we  do  get.  The  latter  is  naturally 
one  of  the  things  that  the  engineer  is  interested  in  discussing,  so  that 
what  I  shall   say  here  will   relate  to  the  conservation  of   coal. 

Before  proceeding  further,  I  will  show  you  a  few  charts  which  will  indi- 
cate in  detail  some  of  the  features  of  the  present  situation.  Referring 
first  to  Fig.  8,  the  great  coal  producing  nations  are  Germany,  Great  Britain 
and  the  United  States,  and  they  will  be  for  years  to  come.  The  United 
States  has  coal  fields  largely  distributed.  The  coal  which  is  produced,  how- 
ever, is  produced  very  largely  in  the  eastern  districts  and  in  Illinois. 
Our  anthracite  mines  are  here  in  the  East  and  we  have  produced  in  this 
little  area  this  year,  very  close  to  100,000,000  tons.  I  have  often  said  that 
we  would  never  produce  100,000,000  tons  of  anthracite  in  a  single  year; 
I  hope  we  will  this  year,  but  I  have  some  doubt.  This  coal  is  distributed 
largely  to  the  adjacent  areas.  It  belongs  in  this  zone,  and  in  New  England  : 
they  ought  to  give  us  their  anthracite  coal  instead  of  shipping  4,000,000 
tons  of  it  into  Illinois. 

Fig.  2  shows  why  we  must  learn  to  burn  bituminous  coal.  Since  1880, 
the  amount  of  anthracite  coal  that  has  been  mined  each  year  in  thi"; 
country  is  over  88,000,000  tons.  It  never  yet  has  reached  a  100,000,000  tons, 
but  it  may  get  up  there  this  year.  But  why  mine  anthracite  coal  in  larger 
quantities?  It  can  be  sold  all  right,  but  the  supply  is  not  enough  to  last 
100  years,  while  there  is  enough  bituminous  coal  to  last   1,500  years. 

In  bituminous  coal  we  can  see  what  the  trend  is.  We  knew  how 
much  bituminous  coal  we  were  going  to  need  this  year  a   long  time  ago. 
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Fig.  8  was  only  brought  up  to  1913,  but  we  could  tell  that  600,000,000  tons 
was  just  where  we'd  strike  this  year.  Of  course,  added  to  the  normal 
demand  has  come  this  abnormal  war  demand  for  75,000,000  tons  that  we 
did  not  think  of  before. 

This  means  that  we  must  learn  to  burn   soft  coal  and  we  in   New  Eng- 
land  will   have  to   learn   to  burn   soft   coal  even   in   our  homes.     Soft  coal 


Tons(2000lb) 

I801-I&25- :542,I8I 

1826- 1635 4,168,149 

1836-1845 23, 177,697 

I846-I855-— 83,417,627 
1856- 1865 --173, 795,014 
1666-1875-419,425, 104 
I876^l88&-d47,760,3l9 
I886-I895-1, 566, 098,641 
1896-1905  -2,632,492, 746 
l906-l9l5--4,9/6. 717,263 


FIG.   1.     TOTAL  ANTHRACITE  AND   BITUMINOUS   COAL   PRODUCTION   AT 
EACH  TEN  YEAR  INTERVAL 


Tons(2000/b)  Anthracite 

Penr^lvania-88,995,061   -^-^— -^^^— ^-^  * 

Bifuminous 

Pennsylvania -157,955, 137  — — .— ^-^— ^— — ^^-^^— ^i^^^— 

WestVirginia  -77, 184,069  — — — ^—i ^— ^ 

Illinois 58,629.576  — ^— — ^ 

Ohio 22,434,691  i^— 

Kenhjcky 21.361,674  — 

Indiana-. 17.006,152  ^^ 

Alabama 14.927,937  ^— 

Colorado 8.624,980  ^ 

Virgin/a 6,122,596  ^ 

Iowa 7,614.143   — 

Kansas 6,624,474    — 

Wyoming 6,544.026   — 

Tennessee 5,730,361    ■ 

All  other 

states- -29,453,798    ■^■^— 

FIG.  2.     COAL   PRODUCTION    IN   THE  V.\RIOUS    PRODUCING    STATES    IX    1915 


is  good  coal,  however;  I  burned  it  in  my  Illinois  home  for  twelve  years.  It 
will  be  up  to  the  Engineers  of  this  Society  to  produce  the  equipment  tiiai 
will  do  it  satisfactorily. 

Fig.  1  shows  the  total  anthracite  and  bituminous  production  for  each 
ten  year  interval  since  we  began  to  mine  coal.  Our  rate  of  using  coal  is 
increasing  at  a  tremendous  rate.  Pennsylvania  produces  all  the  anthracite 
and  even  more  bituminous.  Just  think  what  three  States  do  for  our  coal 
production;  Pennsylvania,  West  \"irginia  and  Illinois  produce  72  per  cent 
of  all  our  coal. 
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Just  notice  what  the  railroads  do  with  our  bituminous  coal.  They  use 
150,000,000  tons  this  year.  Do  you  think  we  can  save  any  of  that  coal 
this  year?  I  think  not.  Every  locomotive  we  have  is  doing  all  it  can  all 
the  time,  and  while  the  locomotive  has  been  improved  wonderfully  and  gets 
along  today  with  a  third  less  coal  than  it  did  twenty  years  ago  for  doing 
the   same  work,   still   the   railroads   need   a   lot   of   coal   and  they   will   have 

Tons(2000lb)  Anthracite 

Pennsylvania 25,292,584  — ^^— ^^— ^-— ^— ^^^-^-^ 

NewYork 20.789,494  ' 

NewEnglond 15,767,000  — ^^■^— ■^— ^— 

NewJensey 8,575,000  — — ^— — 

Railroads 6,200,000  -^^— « 

Exported- 3,965,255  — ^— 

Illinois 5,292,000   ' 

Wisconsin 1,750,000  — 

Minnesota 1,670,000  ^ 

Maryland 8. D.Cr 1,470,000  ^ 

All  other  states— -4,512,400  ■— — ^ 

FIG.  3.     THE   COAL    CONSUMPTION    IN    THE    VARIOUS    ANTHRACITE    USING 

STATES    IN    1915 

Tons(2000lb)  Bituminous 

Railroads 122, 000, 000  — i^— ^^^^ii^ii^^:^^-^-^^^-^^— _ 

Pennsylvania 65,540,997  ^-i^— ^-— — 

Illinois—- 59,976. 850  ^— ^^ 

Ohio 22,566,036  -^— — 

NewEnglond 20,511,987  ^^— 

Exported 16,776.640  — ^^ 

NewYork- 17,186.191    — ■— 

Indiana 16,116,765  — ^ 

Michigan 10,276,284  — 

Missouri 7,715,248  ^ 

Wisconsin 7,652,249  "■ 

Alabama 7,524,540  — 

Iowa 6,876,285  — 

WVirginia 6,197,229  -■ 

Minnesota 5,856.568  " 

Kentucky 5,196,521    — 

Colorado 5,095,549  ■■ 

Virginia 4,286,834  - 

NewJersey 4.168,817  - 

A II  other  states  -37, 550, 506  « 

FIG.  4.     THE    COAL   CONSUMPTION    IN   THE   VARIOUS    BITUMINOUS    USINCi 

STATES    IN    1916 

to  use  it.  All  the  big  power  plants  of  New  York  burned  hard  coal  two  or 
three  years  ago  but  none  of  them  does  now;  they  all  turn  it  over  for 
domestic  use. 

The  charts  show  for  what  purposes  bituminous  coal  is  used.  We  are 
interested  in  saving  coal,  so  let  us  make  up  our  minds  where  we  will  save 
that  50,000,000  tons.  Fig.  6  analyzes  that  line  of  consumption;  industrial 
steam  trade  is  the  largest  consumer — that  includes  all  the  power  plants  of 
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the  country,  all  the  plants  that  make  their  own  power.  It  includes  public 
utility  plants  that  make  and  sell  power  commercially — the  big  industrial 
arm  of  the  United  States. 

Two-thirds  of  all  the  coal  we  use  is  consumed  in  making  steam.  Only 
16  per  cent  of  the  coal  burned  is  for  domestic  use.  Of  course  everybody 
doesn't  fire  the  boilers;  but  20,000,000  people  shovel  their  coal  into  the 
residence  heaters  in  their  basements.  To  save  coal  we  must  get  word  to 
these  20,000,000  people  and  tell  them  just  how  to  do  it.  It  is  you  gentlemen 
of  The  American  Society  of  Heating  and  Ventilating  Engineers,  with 
your  opportunit}^  to  distribute  information  and  give  it  authority  who  must 
tell  the  people  how  to  save  coal  in  the  home. 

The  beehive  coke  line  in  Fig.  6  ought  to  get  shorter,  because  of  the 
gases   they  throw   away  and    other  valuable   constituents   they   fail   to   con- 


Tons(2000lb) 

Railroads B.-I22, 000, 000  ■ 

A:-— 6.200,000   • 

Pennsylvania B-— 65 ,540,997  « 
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Illinois &-39  976,550  ■ 

A— -j; 292,000  • 
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Ar 600.000  • 

NewEnqlancl--B'-20,5l L987  ■ 

^  A^— 1^.761,000  •' 
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NewYork --B.—  -I7J86, 191   ■ 
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Indiana B--—I6, 1 1&765  ■ 

A-. 60d,000   ' 

Michigan B-— 10.276,284  - 

^  A.- 858,800  • 

Missouri 5r 7,715,284  - 

A.— ---571,300  • 
Wisconsin Br-— 7. 652,249  ■ 

A. 1.730.000" 

Alabama B--— 7524540  - 

At 8.100 
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FIG.  5.     COMPx\RISON   OF  THE   CONSUMPTIONS   OF  ANTHRACITE   AND 
BITUMINOUS   COAL  IN  THE  VARIOUS   STATES   IN    1915 

serve  when  making  the  beehive  coke.  This  by-product  line  has  grown 
rapidly  in  the  last  five  years  and  ought  to  increase  in  the  interest  of 
conservation.  The  coke  industry  is  vorking  night  and  day  to  make  coke 
for  the  steel  industry  and  if  we  ever  wanted  anything,  it  is  steel,  so  there 
is  no  chance  of  saving  these. 

Fig.  9  shows  the  coal  the  industries  use.  When  we  get  the  statistics 
down  into  a  chart  like  this,  we  begin  to  see  what  they  mean.  Suppose 
we  were  to  shut  down  all  the  automobile  factories ;  how  much  coal  do  we 
save?  Half  a  million  tons.  That  industry  does  not  use  as  much  coal,  how- 
ever, as  the  industry  that  makes  soap. 

Then  if  we  attempt  to  save  something  by  shutting  down  some  coke  plants 
or  some  steel  works,  we  find  they  want  more  coal  the  same  as  the  railroads 
do  and  they  must  have  it.  We  can't  save  any  of  that  coal,  and  still  theirs 
is  the  biggest  pile  to  save  from.  The  steel  works  within  the  last  ten  years 
have    accomplished    remarkable    things    in    conservation ;    they    are    saving 
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the  waste  gases  from  their  furnaces,  and  they  have  introduced  gas  engines 
and  are  distributing  electricity  for  running  their  works.  They  have  intro- 
duced by-product  coke  ovens.  But  we  cannot  talk  now  about  putting  in 
new  equipment  which  will  save  coal ;  we  must  introduce  methods  which 
will  save  the  coal. 

Two-thirds  of  the  coal  we  burn  is  used  to  make  steam,  and  a  very 
large  proportion  of  this  two-thirds  is  fired  by  hand  under  steam  boilers. 
One  of  my  former  associates  of  whom  I  am  very  proud,  Henry  Kreisinger, 

Tons(2000lb)  Bifuminous  Coal 

Indusfnol  Steam  Trade — -  I4J,  765, 500  — — ^^^ 

Railroads 122,000,000  — ^— 

Domestic  8  Small  Steam  —7I,336,489  '^^^^^^^—^ 

Beehive  Coke 42,278,5/6   > 

By-product  Coke 19, 554.382  ^^^ 

Exported' 18,773.782  — 

Steamship  Bunker  Fuel  —-I0, 707,507  •-• 

Steam  S  Heat  at  Mines 9,798,681  ^ 

Coal  Gas 4,563.579  - 

Anthracite  Coal 

Domestic --47,338,100  ■— — ^^— 

Steam 31,560,400  ^-^— 

Railroads 6.200,000  — 

Exported— - 3,965,255  - 

FIG.  6.    THE  DIFFERENT  USES  OF  COAL  IN  THE  UNITED  STATES  IN  1915 


Tons(2000lb)  

New  York,  New  Jersey,  Penna.  -  - 6-52  — ^— ^^^^^^"^^^— ^■"^""^^^^'^■^^^ 

Ohio,lnd.III.  Wis.,Mich —5.31  i— — ^— — i^— — ^^— 

New  England 4.85  ^"^""^ 

Rocky  Mt  States <3.76  — — ^— ^— ^— ^ 

Minn,Iowa,MQ,N.D.,S.D.,Neh,Kan. 2.61  ^^— — — — 

Kenjenn,  Ala. Miss 2.00  ^— — ^— 

Del.,Md.,D.C.Vir,  W.Vir,N.C.,S.C..6a,Flar-l.72  — ^^ 

Ark.,La..Okla.,Texas — -■ .52  ■■" 

Pacific  Coast  States .35  ^ 

FIG.  7.     COAL  CONSUMPTION  PER  CAPITA  IN  THE  UNITED  STATES  IN  1915, 
EXCLUDING    RAILROAD    COAL 


now  with  the  Bureau  of  Mines,  has  written  a  paper  on  Hand  Firing  Soft 
Coal  under  Power  Plant  Boilers,  the  demand  for  which  has  been  so  great 
that  the  Bureau  of  Mines  has  just  printed  a  new  edition  of  150,000. 
Anyone  interested  in  burning  soft  coal  under  boilers  ought  to  get  a  copy 
and  put  it  in  the  hands  of  the  firemen.  It  is  clearly  written  and  what  it 
says,  is  so.  The  University  of  Illinois  at  Urbana,  111.,  has  been  carrying  on 
fuel  researches  for  many  years  and  its  bulletins  are  available.  Circular 
No.  4  of  the  Engineering  Experiment  Station  is  very  useful  as  it  relates  to 
burning  coal   in   heating  equipment. 

I  have  here  some  information  in  the  form  of  a  chart  about  how  to  save 
coal  in  the  home  (reproduced  on  page  58).     It  contains  rules  for  both  hard 
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and  soft  coal.    I  doubt  not  but  what  you  can  add  to  the  rules,  and  I  am  rather 
of  the  opinion  that  it  would  be  a  good  thing  to  do. 

Your  Sociely  stands  in  an  important  relation  to  the  public.  It  must 
promote  the  development  of  economical  heating  equipment.  Until  quite 
recently  people  manufacturing  heating  equipment  have  sold  what  it  was 
easiest  and  cheapest  for  them  to  make;  it  has  been  a  foundry  proposition. 
The   question   has   usually   been   "How   can   we   get   this   boiler   out   of   the 

Tons(2000,t)  p^_^,,,.,, 

United  Sf of es— -563,000,000  ^^^ 

Great  Brifian 321,000.000  ° 

Germany 305,000,000  ^^■^^— — — 

Austria-Hungary— 59,000,000  ^^ 

France -- 45,000,000   — 

Russia 35,000,000   — 

Belgium- 25,000.000   — 

Japan —  -23.000,000    — 

Total— -1, 382,000,000 

FIG.   8.     THE   WORLD   COAL  PRODUCTION   IN    1913,   ALL   KINDS   OF   COAL 


TonsiZOOOlb) 

Coke 50,467,000   " 

Steel  Works 20,343,000    ■ 

Clay  Products 8,566,000   ■ 

Cement 6,731,000    • 

Paper  8  Wood  Pulp 6. 268, 000   • 

Gas  (Heat  a  Light)  -  6,076,000   • 

Railroad  Shops 5,466,000  * 

CoftonGoods 3,579,000    ' 

Ice  Manuidc  turing 3, 386,000  • 

Foundry  &  Machine  Shop-2.9 1 3,000    ' 

Meat  Pocking 2,166,000  ' 

Malt  Liquors 2.742,000  < 

Chemicals 2,607,000  < 

Glass 2,252,000  ' 

Petroleum  Refining 2,045,000   ' 

Blast  Furnace /,  892.000   < 

Flour&GristMill  Products-1,809, 000 
Woolen  8  Worsted  Goods  -1, 544,000 


Oil  Cottonseed  and  Cake 1,232000  • 

Leather 1,124,000  " 

ZincSmelfingg  Refining ---1,066,000  - 

Lumber  Products 885,000  - 

Sugar  Refining 875,000  - 

Copper  Smelting  8Refining-8l2,000  - 

Electrical  Machinery 769.000   " 

Pacing  Materials 665, 000  ■ 

Glucose  (SStarch 648.000  - 

Pottery 577,000  " 

Agricultural  Implements 555,000  " 

Wire 523,000  • 

Soap 515.000  • 

Automobiles-  —  - 464,000   • 

Fertilizers 433,000  « 


FIG.   9.     INDUSTRIES   USING   COAL   IN   THE   UNITED   STATES   IN    1914 


foundry  for  a  little  less  money?" — not  "How  can  we  produce  equipment 
that  will  be  economical?"  The  demand  for  equipment  that  can  be  operated 
easily  and  with  good  economy  is  now  before  us,  and  I  doubt  not  but  what 
the  various  members  of  the  organization,  taking  advantage  of  all  the 
excellent  papers  presented  from  time  to  time  by  your  various  members, 
will  give  this  particular  problem,  the  development  of  an  economical  type 
of  residence  heating  equipment,  a  great  deal  more  thought  than  has  been 
given  it  up  to  the  present  time. 

I  have  appreciated  this  opportunity  to  address  you.  I  hope  my  remarks 
will  lead  you  to  reaHze  the  importance  of  trying  in  all  ways  possible  to 
save  coal.     Thank  you. 
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SAVE  COAL  IN  THE  HOME 

(Breckenridge    and    Lockwood) 

Rules  approved  by  the  Connecticut  Committee  on  Coal  Conservation 

HOW  TO  RUN  HOT  AIR  FURNACES— STEAM  HEATING  BOILERS- 
HOT  WATER  BOILERS 

1.  Put  your  Equipment  in  Good  Order. 

(a)  See  that  grates  are  in  good  order. 

(b)  Stop  air  leaks — into  ash  pit  or  furnace. 

(c)  Cover  pipes  to  prevent  unnecessary   radiation. 

(d)  Three    dampers   are    necessary:    ash-pit,    smoke-pipe,    check-draft. 

(e)  Learn  to   use   dampers  correctly. 

(f)  Control  of  dampers  from   room  above  furnace  is  desirable. 

(g)  Automatic  damper  regulation  often  prevents  waste   of  fuel, 
(h)    KEEP  HEATING  SURFACES  CLEAN— free  from  soot  or  dust. 

THE  FLOW  OF  AIR  THROUGH  THE  FUEL  MAKES  IT  BURN— Learn 
to   control  it. 

(Study  the  operation  of  your  heater.) 
(Some  important   general  rules  follow.) 

2.  Rules  for  Burning  Hard  Coal. 

(a)  Select  size  giving  best  control  and  economy. 

(b)  With    strong    draft    use    small    sizes. 

(c)  With  weak  draft  use  large  sizes. 

(d)  Carry    a    deep    fire at   least    level   with    fire    door. 

(e)  In  mild  weather  carry  a  layer  of  ashes  on  the  grate.       • 

(f)  Don  L  shake  live  coals  into  ash  pit. 

(g)  Save   good  coal  from  ashes. 

(h)    Don't  let  ashes  pile  up  under  the  grate, 
(i)    Keep  pipe  damper  partly  closed, 
(j)    Use   ash-pit   and   check    damper  to   control   fire, 
(k)    Don't   open    fire   door   as   check — it   is   wasteful. 

(1)    After  the  fire  is  well  started  put  on  coal  enough  to  last  8-12  hours, 
(m)    Burn  off  gases  before  closing  furnace  for  night. 

(n)    To    bank    fire    for    night partly    close    pipe-damper close    ash- 
pit   damper — open    check-draft    damper. 

3.  To  Save  Heat — made  by  Burning  Coal. 

(a)  Do  not  heat  unused   rooms. 

(b)  Weather  strips   or   storm  windows — save  heat. 

(c)  Let  in  sunshine — free  heat. 

(d)  Pull  dov^fn  shades  early  at  night. 

(e)  Don't    overheat    the    house 65    deg.    or    70    deg.    is    sufficient. 

(f)  Watch   the  weather don't   let   the   house    get   cold. 

(g)  Don't  ventilate   unnecessarily — all    night. 

(h)    Partly  close  cold  air  box  during  very  cold  weather — often  some 
air  supply    may   be   taken   from   cellar. 
New  Haven,   Conn. 
January   2,    1918. 
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DISCUSSION 

Geo.  W.  Martin  :  The  rules  for  fuel  conservation  offered  by 
the  Professor  state :  "Select  the  size  giving  the  best  control  and 
economy."  I  wish  it  were  my  privilege  to  be  able  to  select  the  size 
of  coal.  Any  one  familiar  with  conditions  in  New  York  will 
realize  that  we  are  only  too  glad  to  get  what  we  can.  Some  of  the 
plants  around  the  city  are  burning  mixtures  of  stove,  egg,  nut,  Nos. 
1,  2  and  3  buckwheat  and  some  dust,  all  for  producing  steam. 

I  agree  with  what  the  Professor  has  said  with  regard  to  the 
change  from  anthracite  to  bituminous  coal,  especially  in  New  York. 
Many  of  the  large  department  stores  have  installed  automatic 
stokers.  The  new  station  of  the  New  York  Steam  Company,  how- 
ever, which  is  supposed  to  be  the  last  word  in  equipment  for  steam 
production,  burns  almost  exclusively  No.  3  buckwheat  with  the 
latest  development  of  the  Cox  chain-grate  stoker,  and  claims  to  get 
an  average  evaporation  of  7.2  lb.  from  that. 

The  chief  difficulty  with  bituminous  coal  in  New  York  City  is 
due  to  the  fact  that  most  of  the  boilers  are  set  for  anthracite.  The 
so-called  hand-fired  bituminous  stoker  has  been  developed,  which  is 
nothing  more  than  a  series  of  rocking  plates  which  allow  the  coal 
to  be  deposited  on  the  front  plate  and  then  it  is  gradually  moved 
back  by  a  shaking  motion.  The  trouble  is  that  in  order  to  install  this 
in  present  settings,  the  grate  line  and  hence  the  floor  of  the  ash  pit 
must  be  lowered ;  in  attempting  this  in  a  downtown  office  building, 
the  waterproofing  under  the  basement  floor  must  be  removed  and 
if  that  is  done  water  from  the  East  River  will  rise  into  the  boiler 
room  at  high  tide.  This  fact  has  acted  as  an  almost  insurmountable 
obstacle  to  installing  those  grates  in  old  boiler  settings.  In  years 
to  come,  however,  I  believe  New  York  City  will  be  burning  a  large 
amount  of  soft  coal,  but  I  hope  for  better  results  than  in  some  of 
the  other  cities  now  doing  so. 

L.  P.  Breckexridge  :  Referring  to  the  use  of  soft  coal  in  resi- 
dences, let's  see  how  to  run  a  residence  heating  equipment,  either 
hot  air,  hot  water,  or  steam.  I  am  thinking  about  burning  the  coal. 
I  assume  that  you  all  attend  your  own  furnace ;  you  are  experts  on 
this  question  and  ought  not  to  turn  the  job  over  to  somebody  else. 
You  do  three  things:  (a)you  put  on  coal,  (b)  you  shake  out 
ashes  and  ( c)  you  control  the  rate  at  which  air  flows  through  your 
fuel  bed.  To  control  the  rate  at  which  air  flows  through  your  fuel 
bed,  you  will  have  to  think. 

There  are  many  ways  which  will  accomplish  exactly  the  same 
thing  desired,  any  one  of  which  will  give  you  the  same  economical 
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performance,  the  same  capacity  or  the  same  ease  of  control.  Here 
is  one  way — it  is  not  the  usual  way,  but  it  is  being  used  by  a  number 
of  my  friends  in  New  Haven  and  they  say  it  works  first  rate. 
Take  off  the  ash  pit  door  or  never  use  it.  Then  control  the  air 
flowing  through  the  fuel  bed.  It  is  the  suction  draft  of  the  chimney 
that  makes  the  air  draw  through.  Close  the  damper  in  your  smoke 
pipe  a  good  deal  more  than  you  have  usually  closed  it.  Most 
dampers  have  a  hole  through  them  anyway,  and  for  burning  hard 
coal,  there  is  a  hole  big  enough  through  that  damper  in  your  smoke 
pipe  to  keep  the  fire.  If  the  chimney  draws  too  hard,  open  your 
check  draft.  In  other  words,  by  the  proper  opening  of  your  check 
draft  and  the  closing  of  the  damper  in  your  pipe,  and  (if  you  have 
a  furnace  of  sufficient  size)  leaving  a  few  ashes  on  the  grate,  you 
will  control  the  rate  at  which  air  flows  through  that  fuel  bed 
and  you  can  run  the  furnace  that  way  as  well  as  any  other.  If 
your  coal  is  a  fine  size  (and  you  can  use  much  finer  coal  in  resi- 
dence heating  equipment  than  you  suspect)  that  in  itself  regulates 
the  flow  of  air  through  the  furnace.  I  wish  you  to  think  of  this 
whole  proposition  of  taking  care  of  any  kind  of  a  furnace  that 
burns  coal  as  I  have  indicated. 

There  are  only  two  conditions  under  which  to  put  on  coal.  You 
put  on  a  little  coal  to  bring  up  a  low  fire ;  you  put  on  a  large 
amount  of  coal  to  keep  a  fire  from  8  to  12  hours ;  that  is  all  there 
is  to  it.  About  ashes,  why  do  you  ever  shake  down  ashes?  I  have 
seen  rules  about  taking  care  of  furnaces  which  say:  "Shake  down 
the  ashes  every  morning  before  breakfast."  I  don't  want  to  shake 
my  ashes  down  before  breakfast ;  sometimes  once  in  three  days  is 
sufficient.  We  shake  out  ashes,  first,  to  get  more  coal  in,  and  second, 
so  as  to  let  the  air  get  through  to  the  fuel  bed  a  little  better.  These 
are  the  only  reasons  for  shaking  out  ashes. 

Speaking  of  ashes  brings  up  the  question,  what  kind  of  coal  are 
we  getting,  anyway,  this  year?  I  have  photographs  in  my  office 
of  stone  heaps,  nothing  but  stone  and  slate,  all  thrown  off  cars 
arriving  at  a  large  Connecticut  industrial  establishment.  Pooling  of 
coal  has  made  it  possible  to  sell  coal  with  10  per  cent  more  ash  in 
it  than  we  have  ever  had  before. 

M.  W.  Ehrlich  :  Has  the  coal  shortage  been  caused,  so  far  as 
New  England  is  concerned,  by  lack  of  transportation  by  water? 

L.  P.  Breckenridge  :  Yes,  in  a  large  measure.  Much  New 
England  coal  comes  by  water.  New  Haven  gets  90  per  cent  of 
its  coal,  or  formerly  did,  by  water,  and  the  lack  of  bottoms  for 
transporting  coal  has  been  a  very  serious  thing  for  all  the  seacoast 
towns  in  New  England. 


No.  475 

ADDRESS  ON  FUEL  CONSERVATION 

By  George  W.  Martin,  New  York,  N.  Y. 
Member 

THE  recent  drastic  order  of  Fuel  Commissioner  Garfield  has  brought 
to  the  attention  of  everyone  the  fact  that  a  serious  shortage  exists 
in  the  supply  of  coal  available  for  domestic  and  power  uses.  While 
not  a  railroad  expert  and  not  intimately  acquainted  with  the  production 
and  transportation  of  coal  throughout  the  United  States,  I  am  of  the 
opinion  that  a  large  amount  of  the  trouble  is  due  to  railroad  transportation. 
There  exists,  at  any  rate,  a  serious  shortage  of  the  supply  available  for  the 
ultimate  consumer,  and  the  purpose  of  the  present  discussion  will  be  to 
bring  out  how  the  supply  immediately  available  may  be  conserved. 

In  attempting  any  methods  to  make  for  efficiency  in  the  boiler  room, 
we  are  immediately  confronted  with  the  fact  that  the  coal  now  being  mar- 
keted is  of  a  decidedly  inferior  grade.  This  is  due  to  the  fact,  according 
to  the  mine  operators,  that  a  shortage  of  labor  prevents  the  proper  screening 
and  the  elimination  of   slate. 

If  under  the  present  conditions  we  attempt  to  instruct  a  fireman  in 
more  economical  methods  of  burning  fuel,  he  may  lay  down  his  shovel 
and  walk  out  of  the  boiler  room  with  the  assurance  that  another  job  under 
a  less  particular  boss-  will  not  be  hard  to  find.  Furthermore,  one  cannot 
walk  into  a  boiler  room  where  the  fireman  is  sweating  in  an  almost  use- 
less attempt  to  keep  up  steam  with  the  poor  grade  of  fuel  and  attempt  to 
tell  him  to  fire  lightly  and  more  frequently,  when  no  matter  how  he  fires, 
the  coal  will  not  make  steam.  However,  there  is  a  way  out  of  this  seem- 
ingly insurmountable  difficulty  as  proved  by  the  experience  of  the  company 
with  which  the  writer  is  identified — at  least  as  it  applies  to  conditions  in 
New  York  City. 

During  the  winter  anthracite  coal  in  the  various  domestic  and  steam  sizes 
as  delivered  contains  a  large  percentage  of  dust,  making  steam  production 
with  the  unscreened  coal  a  difficult  matter.  The  following  screening  tests 
of  coal  delivered  to  downtown  office  buildings  by  a  local  dealer  are  typical 
of  the  fuel  supplied  in   New  York  City : 

SCREENING   TEST — EQU.\L    MIXTURE   NOS.    1    AND   2   BUCKWHE.^T   CO.\L 

Grade  Per  Cent 

Pea    ■ 6.05 

No.  1  Buckwheat 12.15 

No.  2  Buckwheat 46.45 

No.  3  Buckwheat 26.00 

Dust  9.35 

100.00 
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screening    test — no.    2    buckwheat    coal 

Grade  Percent 

No.  2  Buckwheat 28.00 

No.  3  Buckwheat 50.00 

Dust  22.00 


100.00 
Under  these  conditions  it  is  practically  impossible  to  raise  steam  with 
natural  draft,  unless  a  rich  mixture  is  made  with  soft  coal,  which  is  even 
scarcer  than  anthracite.  In  many  cases  forced  draft  must  be  used,  but  a 
shortage  in  the  blower  market  aggravates  the  situation.  That  the  remedy 
in  many  cases  lies  only  in  the  use  of  forced  draft  is,  however,  borne  out 
by  the  writer's  experience.  In  more  than  one  case  during  the  past  winter, 
portable  motor-driven  blowers  have  been  used  to  raise  steam  in  cast-iron 
sectional  boilers. 

It  may  interest  the  members  of  the  Society  to  know  that  grates  for  burn- 
ing the  smaller  sizes  of  anthracite  may  be  installed  at  prices  ranging  from 
$1.25  per  boiler  h.  p.  for  plain  grates  to  $1.65  per  boiler  h.  p.  for  dumping 
grates.  A  motor-driveh  blower  with  the  necessary  duct  work,  speed  regula- 
tor,  etc.,  will  cost   from  $1.50  to  $2.50  per  boiler  h.  p. 

Now  as  to  how  to  reduce  the  amount  of  fuel  consumed :  In  the 
writer's  opinion  the  matter  is  largely  one  of  conservation  in  the  use  of 
steam,  but  a  change  in  method  of  power  production  in  many  cases  will 
show  a  reduction  in  fuel  consumed  of  at  least  20  per  cent.  In  other  words, 
a  change  from  isolated  plant  to  central  station  service  is  one  of  the  most 
certain  methods  of   fuel  conservation. 

It  is  not  the  purpose  of  the  present  paper  to  revive  an  old  controversy. 
The  writer  is  not  so  much  concerned  in  the  present  instance  with  the  relative 
cost  of  producing  a  kilowatt-hour,  but  in  many  cases  the  result  obtained 
will  be  similar  to  that  shown  by  the  following  figures  of  one  year's  operation 
in  a  12-story  bachelor  apartment  hotel : 
The   coal   consumption    with   the   private   power    plant   in 

operation  amounted  to   2,740  tons 

With     the       public     electric     service     the     consumption 

amounted    to    1,994  tons 

Gross  saving  of  746  tons 

During  the  year  the  current  purchased  was    166,210  Kw.hr. 

And  to  produce  this  amount  of   current  there  was  used 

approximately  at  the  central   station 208  tons 

The  effect,  therefore,  of  using  the  public  service  current  in  this  hotel 
was  to  conserve  the  fuel  resources  of  the  country  by  an  amount  of  538 
tons.  This  hotel  is  typical,  and  the  results  can  be  repeated  in  other  buildings 
of  the  same  size  and  character. 

The  shutting  down  nf  private  power  plants  will  in  many  cases  release 
engineers  and  firemen  for  duties  in  which  they  may  be  more  usefully 
employed.  It  is  impossible,  however,  to  formulate  rules  upon  this  subject, 
as  each  building  must  be  considered  by  itself.  The  change  from  private 
power  plant  service  to  that  of  central  station  will  be  brought  about  gradually 
by  the  scafcity  and  increasing  cost  of  fuel. 
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It  will  also  be  of  interest  to  know  how  the  supply  of  steam  from  a 
central  source  affects  fuel  conservation.  In  the  financial  section  of  New 
York  City,  many  buildings  are  supplied  with  steam  for  power  and  heating 
from  a  large  station  equipped  for  producing  steam  on  an  economical  basis. 
As  a  yearly  average,  due  to  condensation  losses,  1,000  lb.  of  steam  generated 
at  the  station,  will  make  850  lb.  available  for  the  customer's  use. 

An  average  evaporation  of  7.2  lb.  is  obtained  at  the  central  station,  while 
at  the  isolated  plant  6  lb.  may  be  taken  as  the  average.  The  saving  in  fuel 
with  central  station  steam  would,  therefore,  be  as  follows : 

1,000   -^    7.2   =    137.5   lb.    coal 
850   -H   6      =    141.6   lb.    coal 

Saving  at  central  plant  for  each  850  lb.  supplied  customer 4.1  lb.  coal 

For  a  building  using  60,000,000  lb.  steam  per  annum,  the  yearly  saving  would 
then  be 

60,000,000 

X  4.1  =  150  net  tons 

850 
However,  should  the  use  of  central  station  steam  show  no  saving  in  the 
amount  of  fuel  burned  on  the  foregoing  basis,  the  method  of  selling  steam 
on  the  meter  basis  will  eventually  make  for  economy  in  the  use  of  steam 
and  of  course  a  reduction  in  the  amount  of  fuel  burned  to  meet  the  require- 
ments  of  a  particular  building. 

In  line  with  the  foregoing  the  writer  wishes  to  quote  D.  S.  Boyden,  of 
Boston,  member  of  the  Society,  in  a  letter  addressed  to  the  Boston  Fuel 
Commissioner : 

"With  steam  there  can  be  an  excessive  waste  without  any  visible  or  audible 
indications ;  neither  will  there  be  any  disagreeable  odor,  but  on  the  con- 
trary steam  radiators,  fixtures  and  appliances  will  operate  more  satisfactorily 
during  these  periods  of  waste,  due  to  the  high  velocity  of  the  steam  which 
carries  with  it  all  entrained  condensation. 

"The  metering  or  measuring  of  steam  has  been  considered  in  the  past  as 
more  or  less  unnecessary,  and  few  people  are  aware  that  satisfactory  meters 
for  this  purpose  are  being  manufactured.  There  are  on  the  market  nearly 
as  many  makes  of  steam  meters  as  there  are  meters  for  registering  con- 
sumption of  other  commodities,  and  the  manufacturer's  guaranties  for 
accuracy  under  the  proper  conditions  of  use  approach  very  closely  the 
performance  of  other  meters.  In  fact,  there  is  no  good  reason  why  steam 
meters  should  not  be  universally  used. 

"All  hotels,  manufacturing  plants,  and  others  should  have  meters  equipped 
on  the  various  departments  in  their  establishment,  and  hold  each  department 
head  accountable  for  the  steam  used,  exactly  as  they  would  the  raw  material." 

To  illustrate  what  has  been  accomplished  by  establishing  meters  on  flat 
rate  services,   Mr.   Boyden  quotes  as   follows : 

"In  Peoria,  Illinois,  customers  on  a  meter  basis  average  25  per  cent  less 
steam  per  unit  of  heating  capacity  than  customers  on  a  flat  basis. 

"In  the  city  of  Chicago,  the  Illinois  Maintenance  Company  is  changing  its 
business  as  fast  as  possible  to  meter  basis.  One  customer  during  the  year 
of  1910  consumed  9,500,000  lb.  of  steam  for  the  year.  The  next  year  he  was 
changed  to  a  meter  basis,  and  for  the  year  1911  the  consumption  was  4,500,000 
lb.,  for  1912  5,500,000  lb.,  a  decreased  consumption  compared  with  1910 
amounting  to  44  per  cent  which  was  brought  about  entirely  by  the  careful 
handling  of  steam. 

"The  New  York  Steam  Company  states  its  experience  shows  an  average 
consumpticn  of  25  per  cent  less  steam  when  operating  on  meter  than  when 
operated  on  a  flat  rate  basis. 
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"Mr.  J.  L.  Mason,  of  the  Hornell  Electric  Company,  Hornell,  N.  Y., 
states  that  he  has  made  a  comparison  of  the  two  seasons,  one  beginning 
November,  1911,  to  and  including  April,  1912,  the  other  beginning  November, 
1912  to  and  including  April,  1913,  the  first  of  these  being  on  flat  rate  and 
the  second  on  meter  rate.  The  total  cubic  feet  of  space  heated  for  the  season 
1911-1912  was  8,853,400;  the  total  space  heated  for  the  season  1912-1913 
was  9,048,480  cu.  ft.  The  coal  used  1911-1912  was  8,825  tons,  while  a 
greater  volume  was  heated  in  1912-1913  with  6,062  tons,  or  a  conservation 
of  2,763  tons." 

Recent  tests  conducted  in  the  city  of  Boston  by  Mr.  Boyden  were  as 
follows : 

"A  hotel  kitchen  using  approximately  250,000  lb.  of  steam  per  month, 
by  giving  attention  to  the  consumptions  indicated  by  the  meter,  was  able 
to  reduce  the  steam  required  90,000  lb.  per  month. 

"A  coffee  counter  in  a  large  grocery  store,  while  paying  for  steam  on  a 
flat  rate  basis,  consumed  31,TO0  lb.  per  month,  while  the  consumption  with 
a  meter  installed  was  reduced  to  15,800  lb.  per  month. 

"A  small  hat  factory  in  this  city  consumed  approximately  28,000  lb.  of 
steam  per  month  when  paying  on  a  flat  rate  basis.  After  a  meter  had  been 
installed  the  monthly  steam  consumption  varied  from  3,800  lb.  to  13,000  lb. 
"Thus  you  will  see  from  the  very  large  saving  possible  by  the  installation 
of  meters  that  no  undue  burden  is  placed  upon  the  coal  consumer  for  the 
expense  of  making  meter  installations. 

"Frequently  such  installations  will  be  paid  for  from  the  savings  in  a 
relatively  short  time. 

"Meters,  if  they  were  understood  by  the  layman  and  operating  engineers, 
would  be  as  essential  in  the  operating  of  their  plant  as  scales  are  in  the 
provision  or  grocery  stores  or  the  yard  stick  in  the  department  store." 

To  further  refer  to  the  effect  of  meters  in  reducing  consumption,  the 
Association  of  New  York  Building  Managers  has  already  gone  on  record 
as  favoring  the  placing  of  all  tenants  of  office  buildings  on  a  meter  basis 
for  electric  light.  The  waste  of  electric  current  for  lighting  in  New  York 
ofHce  buildings,  is,  in  the  writer's  opinion,  criminal,  to  say  the  least. 
Another  practice  which  should  be  immediately  revised  is  that  of  providing 
industrial  steam  at  a  specified  pressure  through  a  pipe  of  specified  size 
without  any  arrangement  for  checking  up  the  amount  used. 

When  we  come  to  the  question  of  the  conservation  of  fuel  in  hotels, 
apartments  and  residences,  we  must  rely  largely  on  the  voluntary  action 
of  the  hotel  manager  and  the  tenant.  In  the  hotel,  with  the  varied  services 
requiring  the  use  of  steam  there  would  seem  to  be  many  opportunities  for 
saving  steam,  but  at  nearly  every  point  we  meet  the  argument  of  past  practice 
as  a  reason  for  future  continuance.  But  if  we  will  make  up  our  minds 
to  sacrifice  some  convenience  or  luxury  to  help  win  the  war,  we  can  do 
without  quite  so  much  hot  water,  and  with  less  ice,  or  no  ice  at  all,  in  the 
drinking  water  at  meals,  and  this  will  help  save  fuel. 

In  many  apartment  houses  in  New  York  commendable  steps  have  been 
taken  to  conserve  steam  for  laundry  purposes.  In  one  large  apartment 
hotel  the  water  in  the  tubs  was  heated  by  blowing  in  live  steam  and  the 
discontinuance  of  the  supply  for  this  purpose  is  having  a  marked  effect  on 
the  coal  pile.  In  some  cases,  the  use  of  laundry  drying  apparatus  has 
been  replaced  by  roof  drying — not  as  convenient  to  be  sure,  but  certainly 
effective  in  saving  fuel. 

During  the  recent  five-day  suspension,  one  20-story  office  building  reduced 
the  elevator  service  to  one  car  making  stops  at  the  4th,  8th,  12th,  16th  and 
20th  floors,  and  a  service  not  much  in  excess  of  that  for  Sundays  or  holidays 
was  satisfactorily  maintained. 
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On  the  matter  of  saving  in  residences,  the  Fuel  Commissioner  has  pub- 
lished an  excellent  set  of  rules  which  are  given  below  somewhat  modified 
by  the  writer : 

HINTS  ON  COAL  SAVING 

1.  Keep  your  rooms  at  68  deg.   (best  heat  for  health). 

2.  Do   not   cool   off   house   by   opening  windows ;    check   fire.      Don't 
heat  "all  outdoors."     Shut  registers  or  turn  off  radiators. 

3.  Cover  furnace  and  pipes  with  asbestos  or  other  insulation.     Also 
weather-strip  your  windows  or  stuff  cracks  with   cotton. 

4.  Clean   soot   and   ashes    from    furnace    daily. 

5.  Remove  ashes  from   furnace  daily. 

6.  Do  not  control  fire  with  doors ;   use  your  dampers. 

7.  With  furnace  heat  recirculate  air  at  night  through  cold  air  intake. 

8.  Test  your  ashes  by  sifting;   if  you  find  much  good  coal  there  is 

something    wrong    with    the    furnace    or    with    the    way    you    are 
running  it.     Call  in  a   furnace  expert. 

Write  to  the  maker  of  your  furnace  for  definite  directions  for 
running  it  economically. 

In  conclusion  and  again  referring  to  the  recent  order  of  the  United 
States  Fuel  Commissioner,  it  may  be  said  that  undoubtedly  some  saving 
in  fuel  has  been  effected  by  the  shut  down.  Had  the  matter  been  left  to 
the  discretion  of  some  one  more  conversant  with  all  phases  of  the  pro- 
duction, transportation,  distribution  and  consumption  of  fuel  perha'ps  such 
a  drastic  order  would  never  have  been  issued,  but  Mr.  Garfield's  action 
has  had  at  least  one  good  effect — we  all  have  been  impressed  with  the  fact 
that  these  are  war  times  and  each  one  must  do  his  bit,  not  only  to  "save  a 
loaf  a  week,"  but  also  to  save  a  pound  of  coal  a  day. 

DISCUSSION 

The  President:  I  notice  that  Prof.  Breckenridge  has  been 
making  some  notes  during  the  address  of  Mr.  Martin  and  while 
Mr.  West's  and  Mr.  Mackay's  papers  were  being  presented.  I 
hope  he  has  a  good  deal  more  that  he  can  say  to  us  now. 

L.  P.  Breckenridge  :  I  think  it  is  a  good  plan  to  mix  your 
coal,  mix  bituminous  and  the  small  size  of  anthracite;  we  have  had 
to  do  it  in  Connecticut  and  it  works  out  pretty  well.  Start  in  with 
two-thirds  bituminous  coal  and  one-third  anthracite  screenings,  and 
keep  on  increasing  the  anthracite  or  whichever  you  can  buy  for 
the  least  money,  and  you  will  soon  learn  how  to  get  fairly  good 
results.  You  may  have  to  fire  pretty  thin  unless  you  have  strong 
draft. 

Suppose  you  had  to  pay  for  the  air  you  used  and  the  coal  was 
free,  you  would  begin  to  think  about  where  it  is  going  and  where 
it  is  gettmg  away  from  you,  because  there  is  no  single  thing  that 
interferes  with  economy  as  much  as  excess  air.  I  spoke  about 
letting  the  air  go  through  the  fuel  bed.     A  fuel  bed  that  is  onlv 
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half  covered  with  fuel  and  has  ashes  the  other  side,  is  bad,  as  it 
admits  too  much  air.  You  must  keep  the  surface  all  covered  with 
coal. 

Moisture  in  the  air  is  one  of  the  rules  I  have  kept  still  about, 
because  I  tried  to  get  some  moisture  in  my  house  and  could  not. 
I  saw  in  the  paper  that  if  we  could  have  proper  saturation  of  mois- 
ture in  our  rooms  we  would  not  need  as  much  heat,  and  that  65 
to  68  deg.  would  be  good  enough.  I  wondered  about  that  moisture. 
A  friend  recently  sent  me  a  hygrometer  and  I  cannot  get  above 
15  per  cent  on  the  scale;  50  would  be  normal.  If  any  of  you 
gentlemen  know  of  any  way,  with  a  hot  air  furnace,  of  getting 
moisture  into  the  air,  let  me  know. 

We  have  at  the  Mason  Laboratory  a  rather  elaborate  outfit  for 
testing  residence  heating  equipment.  I  think  there  ought  to  be 
more  of  these  testing  laboratories  available  for  industries  wishing 
to  have  tests  made.  I  think  many  of  the  colleges  are  equipped 
for  tests;  it  does  not  require  a  very  expensive  equipment.  I  am 
not  sure  but  you  have  some  plan  on  foot  that  would  help  such  a 
plan.  That  is  one  reason  why  we  are  trying  to  get  together  on 
an  approved  method  of  testing  heating  boilers.  That  is  one  of  the 
plans  your  Society  has  on  schedule. 

Fred.  F.  Bahnson  :  Prof.  Breckenridge  asked  that  if  anybody 
knew  of  a  way  to  put  moisture  into  his  house  to  let  him  know.  In 
my  own  home,  since  about  the  15th  of  October,  with  the  tempera- 
ture outdoors  around  zero  two  or  three  times  and  with  a  warm  air 
furnace,  I  have  held  the  humidity  between  43  and  55  per  cent,  24 
hours  a  day  and  7  days  in  the  week. 

I  have  the  ordinary  hot  air  furnace,  which  is  represented  in 
outline  in  Fig.  1,  with  trunk  mains  leading  up  into  the  house  and 
with  the  cold  air  coming  in  as  noted.  To  one  side  I  have  a  box 
which  is  shown  in  section,  and  inside  the  box  is  a  rapidly  revolving 
copper  disc,  16  in.  in  diameter.  I  feed  a  stream  of  water  to  the 
center  of  the  disc  and  allow  that  water  to  fly  ofif  from  the  disc  by 
centrifugal  force  and  strike  a  row  of  little  copper  teeth,  about  34  in. 
wide  and  %  in.  apart.  The  back  of  this  box  is  made  of  rubber 
packing,  principally  to  deaden  vibration.  The  disc  is  driven  by 
motor,  which  is  on  the  outside  of  the  box  with  a  small  fan  behind 
to  prevent  overheating  the  motor. 

The  water  goes  in  on  the  concave  side  or  back  of  the  disc  and 
there  is  a  propeller  fan  on  the  front  of  the  disc.  I  draw  the  air  out 
of  the  top  of  the  furnace  and  right  down  over  the  face  of  the  disc 
where  it  mixes  with  and  takes  up  the  spray  formed  by  the  impact 
of  the  water  which  is  traveling  about  7,000  ft.  per  min.  when  it 
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leaves  the  disc  and  hits  those  teeth.  Such  of  the  water  as  is  not 
truly  evaporated,  carries  away  with  it  the  dirt  and  dust  in  the 
air.  From  near  the  bottom  of  the  box  I  take  pipes  out  and  run 
the  washed  and  humidified  air  back  into  the  furnace  again  through 
other  pipes,  one  on  each  side.  The  peculiar  shape  of  the  passage 
from  the  furnace  to  the  humidifier  as  shown  in  the  sketch  and 
photograph  is  due  to  the  need  of  meeting  available  space  require- 
ments and  to  the  fact  that  this  particular  installation  is  the  experi- 
mental development  of  the  device.  The  preferred  arrangement 
would  be  to  run  the  round  trunk  directly  to  the  propeller  fan  on 
the  front  of  the  disc,  and  this  construction  will  be  followed  when- 
ever local  conditions   permit. 
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FIG.    1.     DETAILS    OF    HUMIDIFYING    DEVICE    FOR    USE    WITH    W.J^RM    AIR 

FURNACE 


I  have  been  evaporating  anywhere  from  1.3  to  l.G  gal.  of  water 
per  hour.  ]\Iy  own  house  is  two  stories  high  and  about  50  by  36 
ft.,  not  counting  the  kitchen  and  the  pantry  which  are  not  heated 
by  the  furnace.  I  use  only  the  ground  floor.  I  have  seven  ordinary 
hot  air  registers  on  that  first  floor  which  are  fed  by  the  trunk  mains. 

We  all  know  that  when  water  is  evaporated  about  1,000  B.t.u. 
are  absorbed  per  pound  evaporated,  but  if  you  will  notice,  I  have 
cold  air  coming  in  and  hot  air  going  out  to  the  house  in  the 
usual  way,  and  also  I  have  a  circulation  going  through  the  humidi- 
fier box  and  through  the  furnace  parallel  with  the  natural  circula- 
tion. Therefore  right  across  the  heating  surface  of  my  furnace, 
I  have  doubled  the  speed  of  the  air  and  since  the  transfer  of  heat 
from  a  hot  surface  is  in  direct  proportion   to  the   speed   of   the   air 
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passing  over  it,  I  have  increased  my  furnace  efficiency  more  than 
enough  to  overcome  all  the  cooling  effects  of  the  evaporation. 

I  have  been  keeping  records  of  hygrometer  readings  and  have 
been  holding  about  10  deg.  difference  between  the  wet  and  dry 
bulb,  with  a  temperature  around  65  to  70  deg.,  right  through  the 
winter,  and  we  have  had  in  North  Carolina,  temperatures  of  4 
below  zero.  I  looked  at  it  at  six  o'clock  in  the  morning  of  the 
Sunday  between  Christmas  and  New  Year's  and  the  10  deg.  dif- 
ference still  held,  at  about  65  deg.  dry  bulb.  That  was  one  of  the 
coldest  mornings  we  had. 

L.  P.  Breckenridge  :  Is  it  comfortable  to  sit  around  your 
house  at  65  or  68  deg.  ? 

Fred.  F.  Bahnson:     Quite  so. 

L.  P.  Breckenridge  :  It  is  evident  that  it  is  difficult  to  get 
moisture  into  a  house ;  this  is  a  device  for  manufacturing  fog. 

Fred.  F.  Bahnson  :  That  is  exactly  what  it  is,  and  a  part  of 
this  moisture  is  not  truly  evaporated.  The  excess  moisture  drains 
back,  and  the  bottom  of  the  box  and  the  return  pipes  to  the  furnace 
all  drain  to  one  pipe  which  has  a  water  seal. 

L.  P.  Breckenridge  :  How  much  did  this  fan  motor  and  outfit 
cost? 

Fred.  F.  Bahnson  :  I  don't  know  exactly.  It  is  a  first  experi- 
mental machine  and  has  cost  considerably  over  $500.00  so  far. 
If  I  get  this  thing  on  the  market,  which  I  hope  to  do  before  very 
long,  we  will  be  able,  I  hope,  to  make  and  sell  it  at  a  reasonable 
price.  Incidentally  I  wish  to  say  that  rather  broad  patents  on  this 
idea  have  been  allowed. 

D.  D.  Kimball:  What  is  the  advantage  of  the  moisture?  The 
New  York  State  Commission  on  Ventilation  spent  some  $5,000.00 
trying  to  find  the  advantage  of  moisture  and  the  disadvantage  of 
dry  air,  and  has  not  been  able  to  find  out. 

Fred.  F.  Bahnson  :  Some  years  ago  I  read  an  article  in  which 
the  statement  was  made  that  any  artificially  heated  house  that  did 
not  have  condensation  on  the  windows  in  the  winter  time  was  not 
fit  for  human  habitation.  My  house  has  condensation  on  the  win- 
dows whenever  the  outdoor  temperature  is  at  all  low,  and  when  we 
had  a  temperature  of  4  below  zero,  I  had  half  an  inch  of  ice  on 
my  windows.  On  a  walk  one  cold  Sunday  morning  I  noticed  my 
house  was  the  only  one  on  the  street  that  had  any  condensation 
on  the  windows,  and  all  of  them  were  warmer  inside  than  mine. 
I  would  much  rather  have  the  slight  trouble  from  condensation  on 
the  windows  than  the  enormous  discomfort  of  too  dry  air. 
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D.  D.  Kimball  :  Has  Professor  Breckenridge  ever  tried  to  use 
the  spray  head  in  connection  with  air  moisture  ? 

L.  P.  Breckenridge  :  I  never  have.  I  do  not  know  the  ad- 
vantage of  moist  air,  but  I  read  that  there  is  an  advantage. 

H.  M.  Hart:  Many  trade  papers  as  well  as  daily  papers  are 
carrying  advertisements  reading  something  like  this:  Humidify  your 
house  and  save  coal. 


FIG.  2.     VIEW  OF  TFIE  HUMIDIFIER  AS  APPLIED  TO  A  WARM  AIR  FURNACE 

I  think  this  is  an  untruth  and  that  it  deceives  the  public.  I  do 
not  think  there  is  any  saving  in  fuel  with  artificial  humidification 
where  fuel  is  used  as  a  means  of  obtaining  the  humidity.  It  takes 
just  as  much  coal  to  evaporate  the  moisture  necessary  to  maintain 
a  high  percentage  of  humidity  as  it  would  to  heat  the  room  to  a 
higher  temperature.  The  true  measure  of  temperature  from  the 
standpoint  of  comfort  is  the  wet  bulb  temperature  which  will  always 
be  about  the  same  when  the  room  feels  comfortable,  regardless  of 
the  dry  bulb  temperature  or  relative  humidity. 

W.  S.  TiMMis:  I  am  interested  in  the  diagram  shown  by  Mr. 
Bahnson,  not  so  much  from  the  standpoint  of  introducing  moisture 
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into  the  air,  as  from  the  standpoint  of  circulation  in  the  furnace. 
We  have  come  to  the  point  where  we  are  divided  as  to  the  necessity 
for  so  much  fresh  air,  especially  in  connection  with  hot  air  systems, 
and  my  own  experience  with  the  hot  air  system  would  indicate  to 
me  that  in  a  house  of  fair  size,  it  is  not  necessary  to  take  very 
much  outside  air  except  to  provide  circulation.  If  a  fan  can  be 
introduced  into  the  intake,  that  is,  in  the  recirculating  duct,  it  is 
more  than  likely  that  in  very  cold  weather  we  could  secure  economy 
and  more  heat.  I  would  like  to  ask  Mr.  Bahnson  whether  he  can 
give  us  some  figures  as  to  the  cost  of  electricity  for  moving  air? 

Fred.  F.  Bahnson:  This  device  has  not  approached  nearly 
enough  to  its  final  form  to  permit  of  making  any  tests  or  getting 
any  accurate  data,  nor  has  it  been  operated  sufficiently  long  to 
determine  the  cost  of  electric  power  consumed.  My  information 
concerning  it,  therefore,  is  not  sufficiently  clear  and  exact  to 
present  before  this  engineering  organization  as  engineering  data. 
I  will  say,  however,  that  during  the  very  cold  weather,  I  recirculate 
every  bit  of  my  air  by  closing  the  outside  cold  air  inlet,  and  opening 
the  cold  air  trunk  to  the  basement  and  also  the  door  between  house 
and  basement.  I  do  not  take  in  any  outside  air  at  all  except  what 
leaks  in  through  the  basement  walls. 

The  house  is  weather-stripped  all  over  with  metal  weather 
strips.  It  is  one  of  the  English  type,  half  timber  houses,  stuccoed 
on  the  outside,  plastered  inside,  and  about  as  near  to  an  air  tight 
house  as  an  ordinary  person  would  build,  particularly  in  the  South 
where  we  do  not  often  have  very  severe  weather.  I  have  re-circu- 
lated every  bit  of  air,  and  during  the  time  I  was  re-circulating 
that  air  over  and  over  after  washing  and  humidifying  it,  my  wife 
went  to  an  evening  entertainment  in  a  house  where  the  rooms  were 
heated  partly  by  steam  radiators  and  partly  by  open  fireplaces,  with 
the  result  that  she  came  back  with  a  violent  headache  and  said 
there  was  nothing  the  matter  except  that  she  had  been  in  a  house 
that  did  not  have  any  humidity  in  it.  The  headache  disappeared 
soon  after  her  return  home. 

Whether  I  would  be  afifected  the  same  way,  I  cannot  say,  because 
my  office  is  humidified  to  the  same  extent  my  house  is  and  I  cer- 
tainly would  not  by  preference  live  or  work  in  artificially  heated 
air  that  is  not  humidified.  Other  people  who  live  first  in  a  house 
where  the  air  is  humidified  and  then  in  one  where  it  is  not  report 
always  the  same  sort  of  experience. 


No.  476 

BASIS  OF  LIMITATION  OF  DOMESTIC 
FUEL  SUPPLY 

j--\OLLOlVING  the  presentation  of  the  addresses  and  papers  of  the  Fuel 
Jri  Conservation  Session,  the  President  announced  the  arrangements  that 
had  been  made  between  the  U.  S.  Bureau  of  Mines  and  the  Society, 
through  its  Committee  appointed  to  confer  with  the  Bureau  of  Mines,  and 
advised  that  this  Committee  had  been  requested  to  act  in  a  consulting 
capacity  to  the  Bureau  in  suggesting  a  practicable  basis  for  possible  limitation 
of  the  supply  of  fuel  to  domestic  users,  provided  this  should  become  neces- 
sary. As  the  Committee  realised  the  grave  importance  of  this  question,  which 
has  been  so  forcefully  brought  before  the  public  during  the  past  winter,  it 
had  requested  a  general  discussion  upon  it  by  the  Annual  Meeting^  and  the 
President  accordingly  invited  discussion  upon  the  problem. 

The  President:  The  limitation  of  domestic  fuel  supply  is  al- 
ready in  force  in  England,  France  and  other  foreign  countries,  and 
although  we  are  not  advised  definitely  as  to  the  method  followed  in 
applying  it,  we  understand  from  the  Bureau  of  Mines  officials  that 
it  is  on  the  basis  of  the  number  of  rooms  in  the  house.  This  plan 
would  not,  however,  seem  to  be  directly  applicable  to  conditions  in 
this  country  with  our  great  variations  in  latitude  and  elevation,  even 
though  all  our  houses  were  built  all  alike — and  they  are  built  very 
much  more  alike  in  England  and  France  than  they  are  here.  Con- 
ditions in  England,  for  instance,  are  very  different  from  what  they 
are  here;  houses  are  heated  there  by  small  grates  and  the  variations 
in  climate  there  are  nothing  like  what  we  have  in  this  country. 
Another  thing  that  should  be  taken  into  account  would  be  the 
question  of  exposure  of  the  house,  whether  it  is  a  house  in  a  city 
block  with  only  front  and  back  and  roof  exposed,  or  whether  it  is 
a  house  setting  out  by  itself  where  the  exposure  is  complete  and 
the  wind  has  full  sweep. 

In  discussing  this  problem,  it  must  be  borne  in  mind  that  a  rule  to 
be  practical  must  be  simple.  There  are  a  great  many  houses  in  this 
country  and  it  would  be  a  tremendous  task  to  make  the  necessary 
calculations  to  determine  upon  the  amount  of  coal  that  should  go 
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to  every  house,  and  if  the  rule  were  to  be  complicated  like  the  usual 
method  of  estimating  the  heat  losses,  taking  into  account  the  walls, 
roof,  glass  surface,  etc.,  it  would  be  too  big  a  task.  It  must  be  a 
simple  proposition. 

L.  P.  Breckenridge  :  The  four  great  national  engineering  so- 
cieties were  asked  to  appoint  some  engineers  to  act  in  a  consulting 
capacity  to  the  Bureau  of  Mines,  and  I  happen  to  be  the  Chairman 
of  that  Committee.  At  our  last  session  this  question  was  discussed, 
and  Mr.  O.  P.  Hood,  the  Secretary  of  our  Committee  and  also 
representing  the  Bureau  of  Mines,  said  that  the  time  might  come 
when  we  really  might  have  to  limit  coal  delivery  to  homes.  I  hope 
that  time  will  never  come — I  would  be  in  favor  of  shutting  down 
industries  that  seem  not  essential  before  I  would  be  in  favor  of 
limiting  coal  used  in  the  homes. 

Our  Committee  looking  ahead  and  hoping  to  have  ready  informa- 
tion when  asked  for,  discussed  the  question,  however.  It  is 
whether  we  should  give  coal  to  homes  on  the  basis  of  rooms,  or 
number  of  people  that  live  in  the  house  or  what  would  be  an 
equitable  basis  for  distribution.  We  suggest  this  problem  to  you. 
I  suspect  you  will  find  it  a  big  question,  but  it  will  do  no  harm, 
if  somebody  who  is  familiar  with  the  situation  should  consider  it 
and  formulate  ideas  so  that  we  could  feel  that  a  Committee  of  this 
Society,  that  perhaps  knows  more  about  it  than  anyone  else,  would 
give  us  some  help, 

Frank  T.  Chapman  :  Professor  Breckenridge  hopes  that  the 
matter  of  regulating  the  amount  of  coal  to  householders  will  never 
be  necessary.  I  believe  it  is  necessary  today.  We  do  not  have 
to  stand  and  argue  about  the  coal  crisis,  for  recently  it  was  brought 
home  to  us  very  clearly.  We  have  a  distinct  crisis  in  this  country, 
and  the  crisis  is  not  limited  to  this  country.  England  and  France 
are  getting  very  low  in  their  supply  of  coal,  which  needs  re- 
plenishing and  needs  it  badly.  Italy  sorely  needs  coal  today. 
Recently  a  statement  was  made  that  less  than  3  per  cent  of  the  coal 
that  we  mined  the  past  year,  something  like  18,000,000  tons,  was 
exported,  of  which,  I  understand,  about  9,000,000  tons  went  to 
Canada  and  only  9,000,000  tons  went  abroad.  The  prospect  just 
now  of  helping  out  our  allies  with  coal  is  not  very  good.  It  seems 
to  me  that  it  is  necessary  for  us  to  make  every  conservation  that 
we  can,  even  if  it  pinches  in  the  home. 

The  particular  subject  of  limiting  the  householder,  President  Lyle 
spoke  to  me  about  a  few  days  ago  and  asked  me  if  I  would  think 
it  over  a  little.     I  confess  that  when  I  started  to  look  at  it  and  to 
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think  it  over  with  an  idea  of  saying  something,  it  seemed  an  im- 
possible thing  (just  as  the  Professor  has  said),  to  arrive  at  prac- 
tical limitations  for  the  householder.  It  has  almost  insurmount- 
able difficulties,  but  I  believe  nevertheless  that  some  plan  should  be 
devised  and  put  into  effect  at  once,  and  not  delayed  until  next  year. 
I  wrote  out  my  ideas  as  they  came  to  me  today,  and  as  a  basis 
of  discussion,  will  read  them : 

PROPOSED  BASIS  OF  LIMITATION 

A  limitation  of  the  use  of  fuel  for  domestic  purposes  in  the  United  States, 
making  an  allowance  of  coal  to  householders  for  heating  purposes  based  on 
the  number  of  rooms  heated,  is  possible  but  presents  difficulties  which  must 
be  carefully  considered  and  taken  into  account  in  the  final  plan.  Among 
these  are: 

0.  Differences  in  size  and  exposure  of  the  rooms; 

b.  Location  and  class  of  building  construction; 

c.  Method  of  heating  and  condition  of  heating  equipment; 

d.  Variation  in  severity  of  the  winter; 

e.  Quality  of  the  coal; 

/.     The  complication  of  extra  coal  or  other  fuel  for  cooking  and  hot  water 
service.  ' 

Neglecting  for  the  moment  the  requirement  of  coal  or  other  fuel  for 
cooking  and  hot  water  service,  and  considering  only  house  heating  for  locali- 
ties having  winters  such  as,  for  example.  New  York  City,  then : 

A  basis  of  not  over  %-short  ton  of  coal  per  room  per  month  for,  say, 
December,  January,  and  February,  and  not  over  1/5-ton  per  room  per  month 
for,  say,  October,  November,  March  and  April,  calculated  on  only  the  number 
of  rooms  necessary  to  use  for  reasonable  living  conditions  of  each  particular 
home,  counting  bathrooms  and  necessary  service  rooriis  as  half-rooms,  and 
allowing  perhaps  one  room  as  representing  the  general  halls,  would  come 
near  to  the  fuel  requirement  for  heating  the  average  residence. 

It  would  probably  be  impractical  to  require  that  heat  be  shut  off  from 
rooms  not  actually  necessary  for  use,  but  allowance  of  coal  for  heating 
such  rooms  could  be  withheld. 

Some  such  plan  as  this,  after  careful  study  of  all  conditions  and  adjust- 
ment of  the  rulings  to  make  the  application  practical,  should  be  workable 
without  much  hardship,  provided  that  there  is  proper  provision  to  cover 
exceptions  which  are  bound  to  be  met  in  putting  into  effect  any  plan  of 
this  kind.  A  base  plan  could  possibly  be  established  say  for  local  New 
York  weather  conditions  and  coal  allowance  per  room  varied  by  percentage 
greater  or  less  for  colder  or  milder  localities. 

One  very  important  point  in  connection  with  any  such  plan  as  that  we 
are  talking  about  for  regulating  or  limiting  the  amount  of  coal  supplied  to 
each  householder,  would  be  to  see  that  not  only  each  householder  was  made 
to  fully  understand  the  plan  and  the  vital  necessity  of  conserving  fuel  for 
the  next  few  years,  even  to  the  extent  of  great  personal  inconvenience,  but 
also  that  each   was   given   helpful   printed   suggestions   and  instructions    for 
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applying  coal-saving  methods.     In  other  words,  a  careful  campaign  of  edu- 
cation is  specially  essential  to  a  conservation  plan  of  this  kind. 

In  considering  the  limitation  of  fuel  to  householders  on  the  basis  of  rooms 
required  to  be  heated,  the  number  of  occupants  should  have  careful  consid- 
eration, and  the  question  of  fuel  for  cooking  and  hot  water  service  must 
also  be  carefully  considered  and  worked  into  a  practical  plan.  The  whole 
question  of  conservation  of  fuel  for  domestic  purposes  appeals  to  me  as 
important  and  worthy  of  careful  study. 

M.  W.  Ehrlich  :     I  have  been  working  about  two  months  now 
on   this   question   of    fuel   consumption   and   will   say   that   I   have 
worked  altogether  on  the  theory  that  we  must  predetermine  the  coal 
consumption  for  a  given  condition,  and  make  that  the  limiting  point. 
As  to  the  number  of  rooms  in  a  house,  I  would  say  disregard  that 
item,  for  the  simple  reason  that  each  house  is  already  equipped  with 
a  heating  system.     Such  an  installation  is  apparently  designed  to 
suit  the  conditions,  so  that  there  would  immediately  be  a  basis  of 
heating  capacity  installed.     Then  the  only  variation  is  the  weather 
for  the  locality.     We  have  very  fine,  close  records  of  our  weather 
bureau,  giving  averages  for  at  least  35  years  and  up  to  45  years 
for  some  different  localities.     By  deductions  from  such  records  I 
have  plotted  for  three  or  four  different  cities,  the  load  curve  or 
demand  on  the  heating  system  for  each  month  of  the  heating  sea- 
son.    I  have  also  determined  factors  which  apply  practically  for 
any  given  number  of  hours  of  operation ;  these  factors  correspond 
to  the  per  cent  demand  for  that  locality.    On  this  basis,  if  I  remem- 
ber correctly.   New  York  City  showed   for  the  heating  season  a 
demand  of  about  44  per  cent,  taking  in  of  course  the  whole  season. 
Chicago,  I  believe,-  showed  42  or  44  per  cent.     The  monthly  varia- 
tions, however,  are  quite  far  apart,  so  that  the  average  taken  for 
each  month  should  show  what  coal  should  be  used  for  that  period. 
It  can  all  be  predetermined.    Going  one  step  further,  I  have  analyzed 
the  thing  up  to  a  point  where  I  have  been  able  to  plot  an  alignment 
chart  that  involves  four  or  five  vertical  lines;  by  laying  a  ruler 
across,  one  can  determine  the  probable  coal  consumption  for  any 
weather  condition  or  for  any  number  of  hours  of  operation,  so  there 
is  no  guess  work  involved  in  it. 

L.  P.  Breckenridge  :  I  am  glad  to  have  Mr.  Chapman  give  us 
the  figures  involved  in  his  plan.  I  suppose  nobody  is  in  any  better 
position  to  give  us  these  figures  than  he.  I  was  checking  up  his 
proposed  allowances  with  my  own  house  in  New  Haven,  a  house 
just  about  the  same  type  of  construction  as  Prof.  Lockwood's.  We 
have  both  been  heating  ten  rooms  this  year  and  I  have  weighed  my 
coal  from  time  to  time  this  year;  I  have  the  most  uneconomical 

and  Prof.  Lockwood  has  the  most  economical.     My  scheme  is  the 
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usual  hot  air  furnace  with  the  air  usually  coming  from  out  of  doors ; 
his  scheme  is  hot  water,  direct  radiation,  with  no  special  ventilation. 
Prof.  Lockwood  has  used  practically  a  ton  a  year  per  room.  I 
have  used  practically  twice  as  much,  2  tons  per  year  per  room. 

Frank  T.  Chapman  :  The  allowance  I  suggested  was  34  ton 
per  month  for  the  three  cold  months  and  one-fifth  of  a  ton  per 
month  for  four  months. 

L.  P.  Breckenridge:  That  is  less  than  Y\  ton  per  room  per 
month. 

FrAxVk  T.  Chapman  :  Yes,  that  brings  the  amount  down.  The 
figures  I  have  given  are  only  tentative. 

Chas.  R.  Bishop  :  Records  kept  for  a  period  of  many  years, 
covering  several  thousand  buildings  of  various  classes  of  construc- 
tion and  use,  to  which  steam  has  been  furnished  from  central  sta- 
tion sources,  show,  according  to  meter  registration,  a  season's  aver- 
age consumption  in  pounds  of  steam  per  1000  cu.  ft.  of  space  heated 
approximately : — 

Frame  Residences   8,CC0  to  12.C00  lb. 

Retail    Stores    4.CC0  to    8.500.1b. 

Wholesale  Stores  2.CC0  to    6,000  lb. 

Schools    4.CC0  to  11,000  lb. 

Apartment  Houses 5.500  to  14,000  lb. 

Hotels    3,5C0  to  13.0C0  lb. 

The  quantity  of  steam  used  depends  very  greatly  upon  the  amount 
of  glass  and  wall  exposure,  average  outside  temj^erature,  character 
of  heating  apparatus  and  a  very  great  deal  depends  upon  the  rate 
charged. 

The  maximum  demand  in  any  one  month  is  approximately  20 
per  cent  of  the  season's  consumption. 

A  very  liberal  allowance  of  boiler  efficiency,  under  conditions 
that  small  boilers  are  usually  operated,  would  not  exceed  five  pounds 
of  steam  generated  per  pound  of  fuel  burned.  Dividing  season's 
consumption  of  steam  by  five,  would  give  the  number  of  pounds 
of  fuel  that  in  fairness  should  be  allowed  the  customer,  for  every 
thousand  feet  of  space  heated.  If  some  such  basis  of  arriving  at 
fair  allowance  of  coal  were  adopted,  there  \\'Ould  be  no  occasion 
for  discussion  which  must  necessarily  take  place  between  coal 
dealers  and  owners  of  building  where  there  is  a  very  great  varia- 
tion in  the  size  of  rooms,  heights  of  ceilings,  etc.,  etc.,  which  would 
be  inevitable  if  the  quantity  of  coal  permitted  the  customer  to 
purchase  were  based  upon  a  given  quantity  per  room,  regardless 
of  the  size  of  the  room,  character  of  the  building  or  the  character 
of  use  to  which  the  building  was  put. 
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L.  P.  Breckenridge  :  The  weather  records  for  four  years  in 
New  Haven  give  a  temperature  of  40  deg. 

Frank  T.  Chapman  :  There  are  quite  a  number  here  who 
live  in  temperature  approximating  what  we  have  in  New  York 
City.  Let  us  ask  every  man  present  who  runs  a  plant  in  his  own 
home,  private  house,  to  figure  up  on  the  basis  named,  the  amount 
of  coal  that  would  be  required  for  his  house,  and  then  state  how 
nearly  the  figures  fit  his  requirements. 

You  heard  the  rule  to  allow  only  on  the  rooms  that  you  actually 
use.  Remember  that  your  bath-room  and  your  service  room  count 
only  half  a  room  each ;  general  halls  should  be  taken  as  one  room. 
Make  up  the  total  number  of  rooms  based  on  the  regular  rooms, 
with  pantries  and  bath-rooms  each  counted  as  half  a  room,  then  a 
quarter  of  a  ton,  taken  on  the  basis  of  one  room  for  three  months 
would  equal  three-quarters  of  a  ton,  and  a  fifth  of  a  ton  a  month 
for  four  months  would  equal  four-fifths  of  a  ton,  making  about  a 
ton  and  a  half  per  room  for  the  heating  season.  Now,  multiply 
your  number  of  rooms,  as  you  have  them,  by  1^  tons,  and  you 
will  get  the  coal  supply  for  the  season  exclusive  of  cooking  and 
hot-water  service. 

Can  we  not  get  the  answers  from  those  present  now  ?  It  should 
only  take  a  few  moments. 

Frank  K.  Chew  :  A  man  I  knew  of  who  has  been  in  the  fur- 
nace business  for  a  good  many  years  and  had  been  a  close  observer 
of  the  amount  of  coal  used  by  different  sizes  of  furnaces  that  he 
had  sold  to  different  people,  reported  that  it  required  from  1  to 
1^  tons  of  hard  coal  per  year  for  1,000  cu.  ft.  of  space  with 
stoves,  and  ^)4  to  %  ton  for  1,000  cu.  ft.  of  space  with  furnaces. 

A.  S.  Armagnac:  I  think  we  are  likely  to  get  somewhere  with 
this  plan  that  Mr.  Chapman  proposes.  In  the  ordinary  suburban 
district  where  most  of  us  live,  we  are  up  against  the  coal  shortage 
right  now  and,  as  a  matter  of  fact,  what  people  are  doing  is  to  eke 
out  their  coal  supply  with  wood.  If  a  limit  should  be  placed  on 
the  coal  allotment  in  our  community  the  residents  would  see  to  it 
that  they  had  a  supplementary  supply  of  wood.  I  would  like  to 
ask  Professor  Breckenridge  if  he  will  tell  us  just  how  wood  should 
be  burned  in  a  coal  furnace — how  large  it  should  be. 

L.  P.  Breckenridge  :  I  have  burned  4  ft.  wood  for  two  years 
in  my  furnace.  Most  furnaces  are  not  made  for  burning  wood, 
but  Prof.  Lockwood  is  burning  wood  in  his  every  other  week  just 
to  get  the  information.  It  takes  about  twice  as  many  pounds  of 
wood  to  give  the  same  number  of  heat  units  as  it  does  coal ;  in 
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other  words,  the  relative  heating  value,  pound  for  pound,*  of  coal 
and   wood,   is  coal,   1  ;   wood,   ^. 

If  anyone  wishes  to  burn  wood,  I  should  advise  him  to  burn 
it  in  connection  with  coal,  because  the  furnace  is  not  made  for 
burning  wood  and  burns  too  fast  and  goes  out.  It  is  like  coke. 
In  burning  wood  it  is  necessary  to  leave  a  lot  of  ashes  on  the  grate 
or  there  will  be  too  much  draft.  It  is  again  this  matter  of  con- 
trolling the  rate  at  which  the  air  flows  through  and  some  scheme 
must  be  adopted  by  which  the  air  won't  get  through  too  rapidly. 
To  burn  wood  two  check  drafts  may  be  necessary  in  the  smoke 
pipe.  I  could  not  burn  coke  last  year  until  I  put  two  check  damp- 
ers in  my  smoke  pipe,  because  even  with  the  damper  shut  up,  my 
coke  burned  too  fast. 

W.  S.  TiMMis:  I  would  like  to  report  that  the  coal  consumption 
in  my  house  on  this  basis  of  limitation  would  be  20  tons.  I  have 
a  hot  air  furnace  of  the  tubular  type  and  20  tons  per  season  is 
just  about  the  consumption  that  I  have.  My  house  is  controlled 
by  a  thermostat  and  I  am  keeping  my  temperature  around  68  deg. 
and  even  during  zero  weather  I  found  I  could  do  that.        « 

There  is  one  thought  that  has  not  been  expressed  this  afternoon 
as  far  as  I  can  remember,  and  that  is  the  effect  of  clothing  upon 
our  heating  problem.  \\'e  all  know  how  many  men  there  are  who 
will  brag  that  they  are  wearing  their  B.V.D's  all  the  year  round. 
The  high  temperatures  to  which  we  have  been  accustomed  are  self 
indulgence.  The  ladies  of  our  families  are  largely  responsible  for 
our  being  satisfied  with  thin  underwear  in  the  winter,  and  if  they 
would  only  use  heavier  underwear,  if  they  would  give  up  the  use 
of  low-necked  dresses  and  low-back  dresses  and  flimsy  waists  which 
are  worn  in  offices  as  well  as  in  homes,  we  could  get  along  with 
a  very  much  lower  temperature  and  become  accustomed  to  it  and 
be  perfectly  happy  and  comfortable  with  it.  Our  need  for  ventila- 
tion would  go  down  very  rapidly,  because  it  will  be  noticed  that 
where  temperatures  are  low,  none  will  feel  enervated.  Low  tem- 
peratures also  keep  down  nauseating  odors. 

The  question  of  low  temperature  and  of  becoming  accustomed  to 
lower  temperature  is  a  very  vital  one  in  this  matter  of  fuel  con- 
servation. Our  Canadian  and  English  visitors  all  complain  of  the 
terribly  oppressive  atmosphere  in  our  hotels  and  homes  and  it  takes 
them  a  long  time  to  become  accustomed  to  it,  and  why?  Because 
they  are  dressed  with  warmer  clothing  and  warmer  underclothing. 
I  would  like  to  put  myself  on  record  as  advocating  thicker  clothing 
for  women  and  men. 
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L.  P.  Breckenridge  :  I  have  that  in  my  rules.  I  have  said  if 
the  women  would  only  wear  more  clothes  we  would  save  more 
coal. 

F.  E.  Matthews  :  I  would  like  to  second  that  suggestion  about 
the  wearing  of  more  clothes,  but  also  want  to  apply  it  another  way, 
that  is,  to  put  the  clothes  on  the  outside  of  the  house  as  well  as  on 
yourself.  The  point  has  been  barely  touched  upon  by  different 
speakers,  as  to  what  the  bases  are  of  the  heat  losses.  The  difference 
in  temperature  has  been  mentioned,  and  it  has  even  been  suggested 
that  the  inside  temperature  be  cut  from  70  to  65  deg.,  which  figures 
out  a  saving  of  about  7  per  cent  of  your  actual  coal.  But  no  one 
has  said  anything,  so  far  as  I  have  heard,  in  regard  to  increasing 
the  heat  resistance  of  the  walls  of  the  building.  If  a  wall  transmits 
10  B.t.u.,  with  zero  weather  outside  and  70  deg.  inside,  there  will 
be  a  transmission  loss  of  about  700  B.t.u.  If  the  efficiency  of  that 
wall  can  be  increased  so  there  is  only  5  B.t.u.  transmission,  there  is 
immediately  a  saving  of  350  B.t.u.  Therefore  put  the  clothes  on 
the  outside  wall. 

J.  F.  McIntire  :  That  is  a  point  that  has  been  overlooked  in 
speaking  of  industrial  plants.  The  average  factory  today  is  not  a 
well  built  building,  and  it  is  not  so  much  a  question  of  putting  the 
clothes  on  the  outside  by  thickening  the  wall  as  of  stopping  up  the 
leaks.  I  suggested  to  a  plant  manager  recently  that  if  he  would 
light  up  his  plant  at  night  and  walk  around  the  outside  with  a 
carpenter,  he  would  be  able  to  save  some  coal. 

The  President:  Has  anyone  calculated  the  coal  he  would 
obtain  by  Mr.  Chapman's  formula,  and  compared  it  with  what  he 
has  been  burning?  I  will  say  that  I  burned  last  year  26  tons; 
I  would  get  an  allowance  by  this  formula  of  20  tons. 

Frank  T.  Chapman  :  It  is  important  that  lower  temperatures 
should  be  carried. 

C.  E.  Scott  :  I  have  figured  it  out  for  our  house,  which  is  a 
rather  unusual  house  to  heat,  in  that  we  have  three  sun  porches. 
We  could  figure  they  were  equal  to  three  or  four  rooms,  but  on  the 
actual  basis  of  10  rooms  our  allowance  would  be  between  15  and 
16  tons;  we  have  been  burning  24. 

Frank  T.  Chapman  :  Those  sun  parlors  should  be  shut  off 
under  this  plan. 

H.  P.  Gant:  I  figured  that  I  would  be  entitled  to  15^^  tons, 
whereas  the  house  is  now  taking  18  tons. 

F.  E.  Matthews  :  I  have  figured  up  two  of  the  low  coal  allow- 
ance months  and  two  of  the  high  coal  allowance  months.  Up  to  the 
present  time  I  have  burned  7  tons  of  pea  coal,  and  according  to 


Limitation  of  Domestic  Fuel  Supply  79 

the  formula  I  would  be  entitled  to  9^^  tons,  for  the  past  four 
months.  On  that  basis,  my  coal  consumption  has  been  73  per  cent 
of  what  it  would  be  by  the  formula,  and  I  notice  that  most  of  the 
reports  are  that  they  have  burned  more  than  under  the  formula, 
rather  than  less.  Backing  up  what  I  said  about  putting  the  cloth- 
ing on  the  outside  walls  of  the  house,  I  have  a  two  story  and  a 
half  house  in  which  the  lower  story  is  insulated;  the  second  story 
is  not.  I  tried  this  as  an  experiment,  but  on  the  basis  that  I  am 
saving  the  difference  between  73  and  100  per  cent,  by  insulating 
the  other  half,  I  would  have  brought  my  coal  consumption  down 
to  40  per  cent  of  the  formula  requirement. 

The  President  :  My  consumption  of  26  tons  is  based  on  the 
use  of  buckwheat  coal.  I  don't  find  any  more  trouble  in  burning 
buckwheat  than  any  of  the  larger  sizes,  if  only  a  bed  deep  enough 
is  carried. 

Prank  K.  Chew  :  On  this  formula  I  should  burn  in  my  house 
10  tons  of  coal.  I  have  never  bought  more  than  8  tons  of  furnace 
coal  yet  in  one  winter,  but  sometimes  a  little  less.  The  reason 
I  don't  get  up  there  is  because,  when  it  gets  cold  weather,  I  use 
the  little  extra  coal  that  is  required  in  the  small  stove  and  run  the 
furnace  the  same  as  ever. 

W.  S.  TiMMis:  We  have  discussed  this  matter  very  freely.  We 
have  had  many  coniributions  of  value,  but  it  would  seem  that  we 
cannot  do  better  than  give  our  thoughts  very  careful  considera- 
tion and  such  thoughts  can  probably  best  be  expressed  by  the  action 
of  a  Committee,  and  I  take  great  pleasure  in  moving  that  it  is  the 
sense  of  this  meeting  that  a  Committee  be  appointed  by  the  Presi- 
dent to  confer  with  the  Fuel  Administration  on  the  general  subject 
of  fuel  conservation. 

The  motion  was  seconded. 

Chas.  a.  Fuller  :  I  believe  that  such  a  Committee  is  at  present 
in  existence.  It  might  be  that  this  Committee  could  be  instructed 
to  co-operate. 

L.  P.  Breckenridge  :  I  would  be  glad  to  see  this  Society  appoint 
such  a  Committee,  and  if  a  Committee  considers  this  case,  I  hope 
it  will  not  be  figured  out  on  the  basis  of  what  we  experts  can  do 
in  our  homes.  Allow  domestic  users  plenty  of  coal.  I  think  it  is 
a  better  scheme  to  shut  up  rooms  than  try  to  deal  it  out  so  much 
to  a  room.  I  do  not  think  there  is  hardly  a  house  in  New  Haven 
that  has  not  two  or  three  rooms  shut  up  because  we  save  coal 
faster  that  way  than  by  trying  to  use  economical  methods. 
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Fr.\xk  T.  Chapman  :  This  proposed  plan  of  limitation  contem- 
plates the  omission  of  any  allowance  of  coal  for  heating  rooms  not 
actually  necessary  for  family  use.  So  far  as  possible  such  rooms 
should  be  shut  up  and  go  unheated. 

The  President:  I  might  state,  Mr.  Timmis,  that  we  already 
have  one  Committee  to  Confer  with  the  Bureau  of  Mines.  Is  it 
the  sense  of  the  meeting  that  we  should  have  another  Committee, 
or  that  this  Committee  should  be  instructed  to  take  up  this  par- 
ticular subject? 

W.  S.  TiMMis:  In  the  event  of  a  Committee  having  already 
been  appointed  to  confer  with  the  Bureau  of  Mines,  I  think  it 
would  be  well  to  change  that  resolution  to  read:  "It  is  the  sense 
of  this  meeting  that  a  Committee  should  take  up  this  general  sub- 
ject with  the  Fuel  Administration."'  I  will  be  ver}-  glad  to  change 
my  resolution  to  that  effect,  with  your  permission  and  the  permis- 
sion of  the  seconder. 

(Mr.  Chew,  who  had  seconded  the  resolution,  agreed  to  the 
change  and  the  resolution  was  adopted.) 

A  resolution  offering  the  thanks  of  the  meeting  to  Prof.  Brecken- 
ridge  for  attending  the  meeting  and  taking  part  in  the  proceedings 
was  presented  and  seconded,  and  at  the  suggestion  of  the  President, 
it  was  carried  by  a  rising  vote. 
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REPORT  OF  COMMITTEE  ON  CODE  FOR  TEST- 
ING LOW  PRESSURE  HEATING  BOILERS 

rHE  work  of  the  Committee  in  1917  resulted  in  the  publication  of  a 
tentative  draft  of  a  Code  in  the  April  issue  of  the  Journal,  pages  320- 
325,  which  was  presented  to  the  Semi-Annual  Meeting  in  Chicago  and 
thoroughly  discussed.  The  Code  was  then  republished  embodying  the  re- 
visions suggested  at  that  meeting  in  the  October  issue  of  the  Journal,  pages 
78-81,  and  in  this  form  it  was  presented  to  the  Annual  Meeting  by  the  Com- 
mittee as  a  final  report  for  consideration  and  possible  acceptance.  The  Code 
is  here  republished  for  convenience  of  reference. 

CODE 

(Republished    from   October,    1917,    issue   of  Journal,   pages   78-81) 

APPARATUS   AND    INSTRUMENTS 
The    apparatus    and    instruments    used    in    testing    should    include    the 
following: 
Feed  water  tanks  calibrated  or  to  be  used  in  connection  with  weighing 

scales;  air  pumps,  if  water  is  to  be  fed  by  compressed  air;  weighing 

scales  for  weighing  fuel, 'ashes,  etc. 
Differential    U-tube     (with    inclined    leg)     draft    gages,    at    least    three    in 

number,  for  measuring  draft  tension;  first,  loss  in  draft  through  the 

fuel  bed;  second,  loss  in  draft  through  flues. 
Accurately  calibrated  instruments   for   measuring  temperature   of  gasea. 

water,  and  steam. 
Steam   separator   for   attachment    to    steam   pipe,    separator   to    be   thor- 
oughly covered  with  non-conducting  material. 
Blanket   covering  consisting  of  one-ply  2  lb.    asbestos  paper   and    1    in. 

hair  felt  which  would  make  a  desirable  covering  for  the  boiler. 
Gas   analysis   apparatus    for   determining   composition   of   the   flue    gases 

(Orsat). 
Log  sheets  on  which  to  keep  accurate  record  of  various  readings. 

RULES  FOR  CONDUCTING   EVAPORATIVE   TESTS 

1.  Inasmuch  as  the  object  of  the  test  is  to  ascertain  the  amount  of 
water  evaporated  per  pound  of  coal  fired,  all  measurements  and  readings 
should  be  taken  in  such  way  as  to  give  this  result. 

2.  The  boiler  should  be  set  up  and  connected  to  a  suitable  chimney  flue. 

3.  The  boiler  should  be  thoroughly  boiled  out  with  a  solution  of  sal 
soda,  potassium  hydrate,  or  sodium  hydrate  and  then  thoroughly  rinsed 
with  clean  water  to  remove  any  foreign  matter. 

4.  The  piping  should  be  connected  in  such  a  way  that  the  steam  may 
be  carried  to  a  point  away  from  the  boiler  and  piping  arranged  so  that 
its  condensation  may  not  flow  back  to  the  boiler  itself. 

5.  The  separator  shoiild  be  attached  to  the  flow  pipe  and  from  the 
bottom  of  the  separator  a  pipe  should  be  connected  in  such   a  way  as 
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to  form  a  water  seal  and  with  an  open  end  so  that  surplus  water  may 
be  conducted  into  a  pail  or  barrel  for  weighing  at  completion  of  test. 

6.  The  piping  should  connect  the  calibrated  water  feeding  tanks  into 
the  return  of  the  boiler,  with  all  necessary  valves  and  connections,  ther- 
mometer cups,  etc.  The  water  should  be  fed  to  the  boiler  continuously 
from  calibrated  tanks,  thus  showing  every  pound  of  water  that  enters 
the  boiler. 

7.  Special  care  should  be  used  in  all  readings. 

8.  Where  weighing  tanks  are  used  or  water  is  fed  by  gravity,  extra 
precautions  should  be  taken  to  avoid  error  in  readings. 

9.  Three  draft  gages  suggested  as  part  of  the  equipment,  should  be 
used  to  determine  pressure  loss  in  the  ashpit,  pressure  loss  through  the 
fuel,  and  pressure  loss  through  the  flues  of  the  boiler. 

10.  The  steam  pipe  from  the  boiler  should  be  left  open  to  the  atmos- 
phere so  that  the  test  can  be  carried  on  at  atmospheric  pressure,  as  we 
believe  that  running  a  boiler  under  pressure  gives  no  more  accurate 
results  as  regards  capacity  and  efficiency  than  may  be  obtained  by 
evaporating  the  water  at  atmospheric  pressure. 

11.  Starting.  It  is  recommended  that  a  preliminary  fire  be  made  and 
the  boiler  run  until  such  time  as  water  in  the  boiler  steams,  when  the 
preliminary  fire  will  be  dumped,  the  ashpit  thoroughly  cleaned,  and  air- 
dried  wood  placed  on  the  grate  and  kindled.  The  test  shall  be  considered 
as  starting  at  the  time  of  firing  the  charge  of  wood.  On  this  charge  of 
wood  shall  be  placed  the  coal.  The  wood  shall  be  considered  as  having 
a  heating  value  equal  to  40  per  cent  of  that  of  an  equal  weight  of  coal. 

The  weight  and  temperature  of  the  water  in  the  boiler  at  the  start 
should  be  recorded. 

Against  the  boiler  should  be  charged  all  of  the  coal  and  wood  used 
during  the  test,  and  at  the  end  of  the  test  the  boiler  is  to  be  given  credit 
for  the  unburned  fuel,  and  the  quantity  of  water  fed  to  the  boiler  during 
the  test,  less  any  water  thrown  out  in  excess  of  a  quantity  represented 
by  the  condensation  of  the  pipe  and  separator. 

12.  Readings  should  be  taken  at  periods  not  over  those  indicated  in  the 
log. 

13.  Gas  analysis  should  be  made  at  least  every  hour  to  get  fair  average 
results. 

14.  Stopping.  When  the  time  set  for  the  end  of  the  test  arrives,  the 
fire  should  be  dumped  or  combustion  stopped  by  some  other  method, 
such  as  spraying  the  fire  with  water.  The  contents  of  the  fire  pot  when 
dumped  should  be  placed  in  tightly  covered  cans  where  they  may  be 
left  to  cool. 

After  cooling,  the  unburned  coal  and  ash  should  be  separated,  the 
unburned  coal  weighed  and  deducted  from  the  total  quantity  of  fuel  fed 
to  the  boiler.  A  proximate  analysis  of  the  coal  should  be  made  in  order 
to  determine  its  various  constituents. 

RATING 

On  the  question  of  commercial  rating  or  capacity,  we  have  no  sug- 
gestion to  offer  except  that  as  a  basis  of  comparison,  the  item  11  in 
report  form  appended  (Fuel  Available)  should  be  calculated  from  area 
of  fire  box  and  depth  to  center  of  fire  door  not  exceeding  20  in.,  less  20 


Code  for  Testing  Low  Pressure  Heating  Boilers  83 

per  cent  for  reserve,  and  item  12  (Time  Fuel  Available  Will  Last)   figured 
on  the  basis  of  eight  hours. 

A  formula   for  calculating  rating  is  given   by  the   1913   Committee  in  its 
report  and  is  endorsed  by  us  in  modified  form  as  follows: 
CxE 

=  boiler   capacity  per   hour   in    B.t.u. 

T 
Where  C  =  pounds  of  fuel  available  for  one  firing  period; 
T  =:  time  fuel  available  will  last; 

E  =  the   total    B.t.u.    considered    available    per    pound    of    fuel    at 
boiler  outlet,  not  exceeding  results  shown  by  tests. 
If  rating  is   desired  in  equivalent   square  feet  direct  radiation,   divide 
capacity  in  B.t.u.  by  250  for  steam  and  150  for  hot  water. 

REPORT  FORM  FOR  TEST  OF  LOW  PRESSURE  HEATING 

BOILER 

L — Name   and   catalogue   rating 

2. — Grate  surface ;  width ,  length ,  area , 

3. — Date   of  test No.   of  test 

4. — Normal    operating   firing  periods 

5. — Duration    of   test 

6. — Times    fired     

7. — Longest  interval  between  firing 

8. — Fuel,   name    Size 

9. — Fuel,  calorific  value 

10. — Fuel  capacity  pounds  

11. — Fuel  available  (less  re-kindling  reserve) 

12. — Fuel  available.     Time  will  last,  hours 

13. — Fuel  weight  as  fired,   lb 

14. — Fuel  moisture,  per  cent 

15. — Fut.  weight  fired,  less  moisture,  lb 

16. — Fuel  weight  unburned   (including.,   lb.  recovered  from  ash  pit).,   lb. 

17. — Fuel  burned  in  test,  lb 

18. — Fuel  burned  per  hour,  lb 

19. — Fuel  burned  per  sq.  ft.  grate  per  hour,  lb 

20.— Ashes,  lb 

21.— Clinker,  lb 

22. — Combustible,  lb 

23. — Temperature,  steam  or  flow,  fahr 

24. — Temperature,  feed  water  or  return,  fahr 

25. — Temperature,  gases  leaving  boiler 

26. — Temperature  boiler  room 

27. — Temperature  outside  air   

28. — Draft  intensity  in  smoke  pipe 

29. — Draft  intensity  over  fire 

30. — Draft  intensity  in  ash  pit 

31. — Friction  loss  through  flue 

32. — Friction  loss  through  fuel 

33. — Friction  loss  through  inlet 

34. — Steam  pressure  in  boiler  by  gage 
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35. — Steam  pressure  in  receiver  by  gage 

Z6. — Percentage  of  moisture  in  steam 

2)7. — Percentage  of  CO2  in  escaping  gases per  cent 

38. — Weight  of  water  fed  to  boiler 

39. — Weight  of  water     evaporated,  corrected  for  moisture  in  steam 

40. — Equivalent  evaporation  from  and  at  212  degrees 

41. — Evaporation  per  hour  of  test 

42. — Evaporation  per  lb.  of  coal  as  burned 

43. — Evaporation  per  lb.  of  combustible ' 

44. — Capacity,  total  available  B.t.u 

45. — Capacity  per  hour  B.t.u 

46. — Capacity  total  available  sq.  ft.  radiation 

47. — Capacity  per  hour,  sq.  ft.  radiation 

48. — Efficiency  of  boiler 

49. — ^Efficiency  of  boiler  and   grate 

50. — Losses,  grate    

51. — Losses,  stack  gas 

52. — Losses,  incomplete  combustion   

53. — Losses,  unaccounted  for  

54. — Smoke  pipe,  size ,  Length 

55. — Chimney,  size  ,  Height 

56. — Draft    ,  Inches 


DISCUSSION 

Homer  Addams:  The  Committee  intended  and  had  arranged  at 
the  Semi-Annual  Meeting  for  making  tests  to  see  how  the  rules  we 
had  laid  would  co-ordinate  with  actual  operations,  but  there  are  a 
number  of  reasons,  which  I  think  are  apparent  to  you,  why  that  was 
not  done  last  fall.  You  have  here,  however,  the  facts  as  to  how 
much  has  been  done  and  the  Committee  places  the  Report  in  the 
hands  of  the  meeting. 

In  the  course  of  the  Committee's  work  it  was  recognized  that  an 
incalculable  amount  of  work  along  these  lines  had  been  done  by 
Prof.  L.  P.  Breckenridge  throughout  his  entire  life  and  it  was  con- 
sidered an  opportunity  to  embrace  his  co-operation  and  his  work 
in  with  that  of  the  Committee.  As  the  result  of  a  recent  action  of 
our  Council,  Prof.  Breckenridge  has  accepted  the  President's  invi- 
tation to  join  this  Committee  and  is  now  with  us  as  a  member  of 
the  Committee  to  our  unusual  pleasure  and  our  honor.  I  hope  he 
will  manifest  just  as  vigorous  an  interest  in  9ur  investigations  as  he 
is  known  to  have  shown  in  this  subject  heretofore. 

Frank  K.  Chew:     In  order  to  get  the  Report  before  the  meet- 
ing for  discussion,  I  move  that  it  be  accepted  and  that  such  steps 
as  are  necessary  to  have  it  carried  out  be  taken  by  the  Society. 
The  motion  was  seconded. 
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L.  P.  Breckenridge  :  The  testing  of  low  pressure  heating  boil- 
ers is  a  matter  we  have  gone  into  for  several  years.  I  did  not 
realize  that  this  Society  had  prepared  a  report  on  a  Code  for  test- 
ing such  boilers.  About  a  year  ago,  Prof.  Prentice  and  myself, 
after  having  carried  on  a  somewhat  elaborate  series  of  tests  of 
low  pressure  heating  boilers,  thought  it  would  be  a  good  thing  to 
present  a  proposed  Code  for  testing  these  boilers  to  The  American 
Society  of  Mechanical  Engineers,  of  which  Society  we  both  happen 
to  be  members.  The  report  was  presented  and  was  referred  to  the 
Committee  on  Power  Tests  and  rests  there.  I  happen  to  be  a 
member  of  that  Committee. 

Within  the  last  two  or  three  months,  the  Chairman  of  your  Com- 
mittee, Mr.  Addams,  invited  me  to  sit  in  with  your  Committee  and 
be  of  such  service  as  I  might  in  trying  to  bring  together  your  pro- 
posed Code  and  that  which  was  presented  to  The  American  Society 
of  Mechanical  Engineers.  These  two  codes  are  not  very  different ; 
there  are  a  few  things  about  them  that  could,  perhaps,  be  improved 
and  brought  together.  I  am  in  hopes  that  you  will  finally  let  this 
report  go  back  to  the  Committee,  because  I  would  like  to  see  the 
two  Societies  have  a  common  program  for  procedure  in  connection 
with  this  Code.     I  think  it  could  be  easily  brought  about. 

I  have  long  been  interested  in  this  matter  of  testing  low  pressure 
heating  boilers,  so  if  it  is  agreeable,  I  will  begin  to  criticize  it,  or 
rather  ask  about  some  things  that  I  do  not  understand  and  I  wonder 
why  you  do  them  that  way.  If  the  Code  is  just  what  your  Society 
desires,  I  have  nothing  to  say ;  still  I  really  believe  there  are  some 
things  that  could  be  put  into  it  that  would  make  it  better.  Of 
course,  accepting  the  Report  does  not  prevent  its  being  modified 
from  time  to  time.  I  look  upon  a  code  for  testing  any  kind  of 
equipment  as  something  that  is  continually  to  undergo  changes.  I 
take  it  that  any  code  is  subject  to  addition  and  change,  and  if  you 
pass  this  on  the  basis  that  changes  may  be  made  from  time  to  time, 
well  and  good.  I  wonder  whether  you  have  discussed  this  Code 
so  you  are  really  ready  to  accept  it  and  adopt  it. 

The  President  :  This  Code  has  been  discussed  as  it  has  previ- 
ously been  up  before  the  Society  at  periods  three  or  four  years  ago. 
We  devoted  a  Session  to  it  at  the  Annual  Meeting  last  year,  and 
then  it  was  discussed  again  at  our  Semi-Annual  Meeting  last  July 
in  Chicago  and  subsequently  published  in  the  October  Journal.  The 
Power  Test  Committee  of  The  American  Society  of  Mechanical 
Engitieers  has  felt  that  it  should  not  take  up  this  question  of  testing 
low  pressure  heating  boilers  if  this  Society  would  take  action  on 
it,  and  that  it   would  endeavor  to  adopt  the  same  Code  as  was 
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accepted  by  this  Society.  That  has  been  expressed  by  Mr.  Geo. 
H.  Barrus,  Chairman  of  that  Committee,  and  the  two  Societies  are 
therefore  working  in  absolute  harmony  in  the  subject.  The  Mechan- 
ical Engineers  have  been  very  courteous  to  us  in  their  treatment 
of  the  matter.  I  recognize,  however,  that  we  do  not  all  agree  on 
the  details  of  this  Code,  and  I  feel  like  Prof.  Breckenridge,  that 
we  should  bring  out  some  of  the  points  of  the  other  side.  I  hope, 
though,  to  see  very  definite  action  taken  on  the  Code,  either  to 
accept  it  or  reject  it  before  we  complete  this  Session. 

A.  K.  Ohmes  :  I  believe  we  have  not  got  what  we  ought  to  have 
in  this  report.  I  showed  some  diagrams  at  the  Annual  Meeting, 
a  year  ago,  one  of  which  was  an  efficiency  curve  (see  April,  1917, 
issue  of  Journal,  page  329).  Most  heating  boilers  are  operating 
most  of  the  time  at,  say,  66  per  cent  rating.  At  that  point  for 
economical  reasons,  it  should  have  the  highest  efficiency  and  not  at 
full  load.  A  curve  like  the  one  given  with  the  highest  efficiency  at 
full  rating  will  give  you  actually  less  yearly  efficiency  than  at  two- 
thirds  rating,  for  the  simple  reason  that  your  boiler  is  operating 
about  75  per  cent  of  the  time  at  two-thirds  rating. 

This  report,  of  course,  says  nothing  about  the  efficiencies  at  dif- 
ferent ratings.  We  should  not  have  only  the  efficiency  at  maximum 
capacity  of  the  boiler,  we  should  know  the  different  intermediate 
points.  A  power  boiler  is  different,  but  a  heating  boiler  has  got  to 
operate  at  two-thirds  load.     That  is  my  criticism  of  the  report. 

The  President  :  Have  you  some  suggestions  to  make  that  would 
easily  correct  that  feature,  or  does  that  mean  the  revision  of  the 
entire  Report? 

A.  K.  Ohmes:  No;  it  would  mean  a  test  on  full  capacity  of  the 
boiler,  and  on  two-thirds  capacity.  Then  any  engineer  can  pick 
out  the  most  economical  point  of  that  boiler. 

H.  M.  Hart:  I  think  we  would  all  have  a  hard  time  getting 
everybody  to  agree  on  one  Code  for  testing  house  heating  boilers, 
but  at  the  same  time  we  all  would  like  to  have  an  accepted  standard 
method;  I  think  we  all  feel  the  need  of  a  standard.  Whether  we 
agree  that  it  is  right  or  wrong  is  not  of  so  much  importance,  as  the 
fact  that  we  should  all  use  the  same  method  and  thereby  get  uniform 
results.  I  believe  it  "is  time  that  this  Society  should  adopt  a  standard 
and  if,  from  time  to  time  usage  would  bring  out  the  fact  that  im- 
provement could  be  made  in  this  method  or  the  method  might  be 
simplified  in  some  way,  such  changes  can  be  adopted.  If  we  find 
it  would  be  advisable  to  make  tests  at  various  ratings,  the  method 
of  test  would  still  remain  the  same. 
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I  have  tested  many  heating  boilers.  My  method  is  to  go  out  on 
a  job  where  they  think  the  boiler  is  not  big  enough  and  shovel  coal 
into  it  and  see  if  I  can  maintain  the  temperature  in  the  house  for 
eight  hours  with  one  firing.  If  I  can  do  it,  I  think  the  boiler  is 
all  right. 

W.  S.  TiMMis:  Mr.  Hart  has  brought  out  the  very  vitals  of  the 
discussion.  This  proposed  Code  provides  rules  for  conducting 
evaporative  tests.  You  can  test  the  boiler  at  100  per  cent  rating,  or 
50  per  cent  rating,  or  25  per  cent  rating,  and  you  can  get  any  of  the 
records  you  want  at  those  ratings.  There  is  nothing  stated  here  as 
to  the  efficiency  of  the  boiler  at  any  particular  rating.  This  code 
provides  merely  a  means  for  making  the  tests  and  rules  to  be 
observed  in  making  the  test. 

P.  J.  Dougherty  :  As  to  the  percentage  of  hourly  capacity  de- 
veloped, I  think  that  is  covered  pretty  thoroughly  by  some  compa- 
nies who  rate  their  boilers  on  different  firing  periods.  We  in  Utica 
are  establishing  ratings  on  an  8,  10,  and  12  hour  basis.  Taking  the 
8  hour  period  as  a  standard  on  which  most  companies  rate  their 
small  and  medium  size  boilers,  the  hourly  capacity  developed  on  a 
10  hour  period  is  eight-tenths  of  that  on  an  8  hour  basis;  and  the 
hourly  capacity  developed  on  a  12  hour  period  is  eight-twelfths  or 
two-thirds  of  that  on  an  8  hour  basis.  Hence  the  8,  10  and  12  hour 
ratings  give  you  100,  80  and  65  per  cent  of  the  hourly  capacity  of 
the  boiler  taking  an  8  hour  firing  period  as  the  standard  of  com- 
parison. 

I  might  say  that  our  testing  code  corresponds  precisely  to  the 
new  code  as  drawn  up  here,  except  that  we  do  not  comply  with 
item  14,  as  to  separating  the  ash  from  the  unburnt  coal.  We  tried 
doing  that  but  found  it  wasn't  possible  to  fully  separate  the  ash 
from  the  unburnt  coal  with  any  degree  of  accuracy.  Knowing  the 
proximate  analysis  of  the  coal  we  know  how  many  pounds  of  ash 
in  each  charge  of  coal,  hence  we  know  how  much  ash  in  the  residual. 

J.  M.  McIxTiRE :  The  point  covered  by  Mr.  Dougherty  is  one 
on  which  I  disagreed  considerably  with  speakers  in  the  past.  I  am 
very  much  in  favor  of  this  method  of  starting  and  stopping  the 
tests.  The  question  of  the  amounts  of  ash  and  unburned  coal  at 
the  end  of  the  test  checking  up  with  the  analysis  of  the  coal  is 
easily  explained.  Very  often  in  taking  a  sample  of  the  coal,  proper 
care  is  not  used,  or  even  if  care  is  used,  the  sample  does  not  neces- 
sarily indicate  the  true  percentage  of  ash  in  that  coal  as  fired,  and 
for  that  reason  I  think  that  the  method  here  outlined  should  be 
followed  as  a  check  against  the  chemical  analysis. 
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L.  P.  Breckenridge  :  I  agree  as  to  the  desirability  of  obtaining 
for  each  boiler  tested  a  curve  which  is  called  the  economic  perform- 
ance curve  of  the  boiler.  Beginning  with  Rule  1  of  the  Code,  it 
says : 

"Inasmuch  as  the  object  of  the  test  is  to  ascertain  the  amount  of 
water  evaporated  per  pound  of  coal  fired,  all  measurements  and 
readings  should  be  taken  in  such  a  way  as  to  give  this  result." 

No  one  could  disagree  with  that ;  it  is  exactly  what  we  are  trying 
to  find  out.  The  Code  that  you  propose  will  not  do  it.  I  say  so 
because  I  have  tried  it.  I  have  reports  of  100  trials  of  small,  low 
pressure  heating  boilers,  about  a  third  of  the  work  that  we  have 
done  in  testing  residence  heating  boilers  in  the  last  8  years.  We 
have  tried  to  carry  out  the  plan  suggested  in  rule  No.  11  for  start- 
ing, but  we  have  not  been  able  to  reproduce  our  results  with 
that  method  of  starting  and  stopping  the  test.  I  may  be  wrong, 
but  I  honestly  think  a  better  method  of  conducting  a  test  can  be 
proposed,  that  does  not  involve  that  method  of  starting. 

Again  item  No.  10 ;  I  do  not  understand  why  you  propose  to  test 
a  boiler  with  the  steam  pipe  open  to  the  atmosphere.  We  did  that 
for  a  while  but  gave  it  up,  because  we  could  not  control  the  capacity 
at  which  we  wished  to  run  the  test.  What  we  want  to  make  is  not 
one  test  but  several  at  dififerent  capacities ;  to  do  this  we  must  have 
control  of  the  capacity.  We  have  run  tests  lasting  from  eight  hours 
to  a  week  in  order  to  see  how  long  the  run  must  be  to  get  results 
which  can  be  duplicated.  Unless  you  can  duplicate  the  results,  you 
have  not  tested  the  boiler. 

A  boiler  cannot  have  an  economic  performance  curve  that  jumps 
up  and  down ;  it  has  got  to  have  a  smooth  curve.  In  order  to  draw 
the  curve  it  is  necessary  to  make  at  least  7  or  8  tests  of  the  boiler 
before  there  are  sufficient  data  to  really  be  ready  to  draw  the  per- 
formance curve.  Unless  you  can  make  a  series  of  tests  and  control 
the  capacity,  you  will  not  have  the  necessary  points  for  the  curve. 
We  have  been  unable  to  duplicate  results  at  dififerent  capacities 
unless  we  started  the  fire  dififerently  from  the  manner  proposed 
here. 

In  order  to  test  boilers  and  control  the  capacity  at  which  we 
wished  to  test,  we  have  a  plan  which  involves  operating  them  at  5 
lb.  pressure  and  passing  the  steam  through  a  pressure-reducing 
valve  into  a  receiver  at  2  lb.  pressure  and  then  through  an  orifice,  the 
size  of  which  controls  the  capacity  at  which  the  boiler  is  operating. 
Under  these  conditions  we  have  been  able  to  continually  reproduce 
results  and  this  we  consider  very  essential.  If  your  Code  will  let 
you  reproduce  results  time  after  time,  I  have  nothing  to  say,  but  I 
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have  had  trouble  when  trying  to  start  tests  the  way  you  propose  and 
allowing  the  steam  generated  to  go  directly  into  the  atmosphere. 

We  have  published  from  time  to  time  the  economic  performance 
curves  of  boilers  we  tested.  Some  of  my  good  friends  have  said : 
"Those  curves  look  pretty  high  to  me  and  I  am  going  to  set  up  that 
boiler  and  test  it."  When  their  tests  were  made  the  economic  per- 
formance curves  corresponded.  A  method  must  be  good  enough  so 
that  whoever  makes  the  tests,  the  curves  will  correspond  with  rea- 
sonable accuracy. 

P.  H.  Seward:  I  would  ask  the  Professor  to  explain  what  the 
trouble  is  that  he  refers  to  in  starting? 

L.  P.  Breckenridge  :  The  inability  to  reproduce  results,  time  after 
time,  unless  the  tests  are  unduly  long.  How  do  you  find  out  what 
the  capacity  of  a  boiler  is  before  you  test  it? 

P.  H.  Seward:  We  do  not;  we  simply  run  the  boiler  and  burn 
a  definite  amount  of  coal  in  the  length  of  time  we  determine,  which 
gives  us  a  capacity  based  on  that  particular  run.  This  is  not  in 
any  way  or  manner  a  method  of  determining  the  rating  of  a  boiler; 
that  is  the  point  that  in  all  the  years  we  have  discussed  this  pfoblem, 
we  always  finally  split  on.  I  think  we  want  to  get  it  clear  in  our 
minds  that  this  proposed  Code  is  not  for  the  purposcof  determining 
the  rating  of  a  boiler ;  it  is  a  Code  to  test  the  capacity  of  a  boiler.  I 
might  say  on  the  point  raised  by  Mr.  Ohmes,  that  it  seems  to  me  that 
the  only  capacity  we  can  use  is  the  maximum.  When  its  capacity 
has  been  determined,  as  provided  in  this  report,  one  can  take  any 
part  of  such  capacity  into  one's  calculations  that  the  commercial 
requirements  may  seem  to  suggest.  But  I  do  not  see  how  we 
can  very  well  have  a  standard  Code  for  testing  that  deals  with  a 
predetermined  capacity.  We  must  test  the  boiler  at  its  maximum 
capacity,  the  most  that  the  boiler  will  do  under  the  conditions  of  this 
proposed  Code. 

L.  P.  Breckenridge:  Don't  you  want  to  reproduce  that  curve? 
Don't  you  wish  to  test  the  boiler  at  any  other  than  maximum  capacity, 
in  view  of  the  low  efficiency  you  get? 

P.  H.  Seward  :  I  do  not  see  that  there  is  anything  in  the  Code 
that  would  prevent  testing  it  at  those  various  points.  The  tests  may 
cover  all  the  points  at  which  you  wish  to  decide  the  various  relations. 
That  is  determined  by  the  way  you  regulate  your  drafts,  and  the 
speed  at  which  you  burn  the  coal.  I  would  like  to  have  you  explain 
just  why  this  proposed  method  interferes  with  such  arrangements, 
and  why  allowing  the  steam  to  escape  into  the  atmosphere  inter- 
feres with  correct  calculations. 
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L.  P.  Breckenridge  :  I  can  only  say  that  I  have  tried  the  method 
proposed  here ;  it  is  really  what  is  called  the  standard  method  of 
starting  and  stopping  power  plant  boiler  tests.  It  has  been  used 
for  years.  It  has  not  worked  out  as  well  for  small  heating  boilers ; 
it  would  be  all  right  for  large  ones.  If  you  run  the  tests  long 
enough,  I  agree  that  your  plan  suggested  in  rule  No.  11,  might  do,  but 
you  would  have  to  run  tests  20  hours  as  a  minimum  in  order  to 
duplicate  the  results.  It  appears  that  the  conditions  of  operation  in 
the  early  stages  of  the  test  are  entirely  different  from  what  they  are 
most  of  the  time  the  boiler  runs.  For  that  reason,  our  points  did  not 
come  on  the  curve.  When  we  adopted  a  slightly  different  method  of 
starting  and  stopping,  we  continually  duplicated  results. 

Again,  about  letting  the  steam  go  into  the  atmosphere,  our  plan 
renders  it  possible  to  make  a  test  at  a  low  capacity  and  by  turning 
a  valve  increase  the  capacity  and  run  another  test.  Every  time 
we  make  a  test  we  get  a  point  that  lengthens  that  curve ;  we  don't 
have  to  look  over  the  results  and  see  whether  or  not  we  have  tested 
three  or  four  different  capacities,  and  under  these  conditions  of 
controlling  the  flow  of  steam,  we  have  been  able  to  duplicate  results 
much  better. 

P.  H.  Seward:  I  do  not  see  why  the  controlling  of  the  steam 
changes  the  reslilts.  I  do  not  see  why  you  do  not  get  the  same  results 
with  an  open  throttle  as  with  a  partly  closed  throttle.  The  only 
difference  is  that  in  one  instance  you  have  it  wide  open,  with  low 
pressure,  and  in  the  other  case  you  have  it  partly  closed  and  main- 
tain a  higher  pressure. 

L.  P.  Breckenridge  :  Here  is  the  way  we  control  capacity  :  We 
carry  in  the  boiler  a  pressure  of  from  5  to  8  lb. ;  the  steam  goes 
through  a  pressure-reducing  valve  into  a  receiver  in  which  2  lb. 
pressure  is  maintained.  An  orifice  leads  from  the  receiver  into  the 
atmosphere,  and  through  that  orifice  flows  the  same  number  of 
pounds  of  steam  per  hour  because  the  pressure  is  constant  and  the 
orifice  is  always  the  same,  so  that  during  any  test  the  boiler  must 
always  evaporate  the  same  number  of  pounds  of  water  per  hour  and 
this  determines  its  capacity. 

This  makes  one  test ;  we  then  use  a  larger  orifice,  say  a  sixteenth 
larger,  but  we  keep  a  2  lb.  pressure  in  the  receiver.  The  orifice 
being  a  little  larger,  we  know  before  starting  that  the  capacity  will 
be  more.  We  maintain  the  pressure  of  2  lb.  in  this  receiver  by 
running  the  boiler  hard  enough  to  keep  up  steam ;  the  dampers  are 
automatically  controlled,  and  the  pressure  in  the  boiler  is  maintained 
suf^cient  to  keep  up  the  supply  of  steam.    This  makes  another  test. 
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Instead  of  changing  the  orifices,  however,  we  have  used  a  long 
needle  valve  with  a  dial  on  it,  and  by  adjusting  the  pointer  of  this 
valve  a  test  can  be  made  at  one  capacity  after  another  until  points 
are  obtained  to  complete  the  desired  performance  curve.  We  have 
found  it  was  better  to  predetermine  the  capacity  at  which  we 
should  test  the  boiler  by  controlling  the  steam  made  than  to  make 
a  test  where  it  is  necessary  to  control  the  fire  and  never  know, 
during  the  trial,  just  where  it  is  going  to  come  out.  You  may  burn 
coal  a  little  faster,  but  really  you  do  not  know  where  you  are  going 
to  come  out  until  you  get  through  and  get  the  test  all  figured  up. 

P.  H.  Seward:  That,  however,  is  not  what  we  are  after;  we  do 
not  desire  to  establish  the  efficiency  of  a  boiler  on  a  predetermined 
capacity;  we  are  after  a  test  that  will  determine  the  maximum 
capacity  of  a  boiler  as  well  as  its  highest  efficiency,  and  I  cannot  yet 
see  why  this  open  steam  pipe  we  propose  in  this  Code  does  not  give 
the  same  results  as  the  throttled  pipe  if  the  question  of  trying  to 
arrive  at  the  efficiency  of  the  boiler  on  a  predetermined  capacity  is 
eliminated. 

L.  P.  Breckenridge  :  Is  the  capacity  of  the  boiler  all  you  want 
to  find  out  ?  Your  first  rule  does  not  say  that ;  but  rather  how  many 
pounds  of  water  the  boiler  will  evaporate  with  a  pound  of  coal  at 
any  capacity  at  which  it  will  ever  be  operated.  You  do  not  wish  to 
find  out  what  it  will  do  at  its  maximum  capacity,  because,  as  Mr. 
Ohmes  said,  a  boiler  is  not  called  upon  to  operate  at  maximum 
capacity  except  for  a  couple  of  weeks  in  the  winter,  while  most  of 
the  time  it  operates  at  a  less  capacity,  and  it  should  be  operated  so 
that  during  most  of  the  season,  it  operates  at  its  best  economy  as 
shown  by  this  point  of  the  curve. 

P.  H.  Seward:  That  brings  in  the  question  of  the  rating  again. 
We  want  to  know  the  maximum  capacity  of  the  boiler,  and  w^e  also 
want  to  know  the  point  at  which  it  operates  at  the  highest  efficiency. 
We  can  then  rate  it  anywhere  we  see  fit.  Some  boilers  are  rated  at 
their  maximum  capacity.  The  Code  will  enable  us  to  determine  its 
highest  efficiency  and  whatever  rate  of  combustion  it  is  that  pro- 
duces that  efficiency.  We  can  also  determine  its  maximum  capacity 
without  regard  to  its  efficiency.  This  is  not  a  Code  for  the  purpose 
of  designing  boilers ;  it  is  a  code  for  the  purpose  of  testing  boilers 
to  arrive  at  their  capacity  under  varied  conditions. 

J.  F.  McIntire  :  Professor  Breckenridge  has  stated  his  one  ob- 
jection to  this  method  of  starting  tests,  that  it  gives  him  an  un- 
known quantity  at  the  start.  From  my  experience  I  have  found  that 
it  gives  conditions  that  you  can  duplicate  more  easily  than  you  can 
with  the  running  start.    Here  with  the  wood  fire,  we  bring  the  tem- 
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perature  of  the  water  in  the  boiler  up  to  the  boiling  point.  With  a 
running  start,  the  fire  is  started  and  the  fuel  bed  brought  into  a  cer- 
tain predetermined  condition,  say  6  in.  deep,  or  the  condition  of  the 
fuel  bed  is  judged  by  the  eye,  so  that,  at  the  end  of  the  test,  it  is 
possible  to  bring  that  fuel  bed  back  to  the  same  condition. 

In  a  laboratory  where  there  are  300  running  tests  in  a  year,  that 
may  be  possible,  but  I  will  venture  that  90  per  cent  of  the  gentlemen 
in  this  room,  not  familiar  with  boiler  testing,  that  might  take  up 
this  Code  and  go  out  on  a  job  or  into  any  testing  laboratory  and 
start  making  a  test,  will  find  it  difficult  to  estimate  the  amount  of 
unburned  coal  in  a  fuel  bed  or  the  condition  of  a  fire,  20  to  34  hours 
after  they  have  started  the  test.  For  that  reason,  on  account  of  my 
experience  in  putting  young  men  at  work  on  testing  and  finding 
that  they  had  to  run  tests  for  a  long  time  before  they  became  very 
efficient  in  estimating  the  condition  of  the  fire,  and  also  on  account 
of  having  given  it  up  a  good  many  times  myself,  I  prefer  this  start- 
ing and  stopping  method  as  outlined  in  the  Code. 

As  far  as  controlling  or  determining  the  capacity  developed,  when 
running  a  test  at  atmospheric  pressure,  it  is  very  easy  if  the  proper 
method  of  feeding  water  to  the  boiler  is  arranged,  so  as  to  determine 
the  quantity  every  few  minutes  at  least,  so  that  the  results  at  the 
end  of  the  test  will  give  the  capacity  desired.  If  the  temperature  of 
your  feed  water  is  known,  also  the  factor  of  evaporation  running 
at  atmospheric  pressure,  one  can  predetermine  how  many  pounds  of 
water  at  that  temperature  it  is  necessary  to  feed  into  the  boiler  per 
hour  to  give  the  capacity  desired.  In  running  over  or  under  that 
rate,  the  rate  of  combustion  may  be  changed  in  the  way  Professor 
Breckenridge  has  designated.  The  question  of  dififerent  capacities 
can  be  taken  care  of  very  nicely  by  the  man  who  is  making  the  test. 

As  I  understand  it,  this  Code  is  not  merely  for  boiler  manufac- 
turers, it  is  for  heating  contractors  and  engineers,  and  there  is  no 
reason  why  they  cannot  run  their  test  at  any  rate  at  which  they 
choose.  I  have  found,  however,  that  there  is  danger  of  one  engineer 
running  a  test  at  60  per  cent  of  the  rating  of  a  boiler,  the  next  engi- 
neer running  a  test  at  80  per  cent,  and  then  two  engineers  coming 
together  and  comparing  results,  and  not  being  able  to  understand 
why  they  do  not  check  up.  As  a  matter  of  fact,  a  man  who  has  done 
considerable  testing  for  the  U.  S.  Bureau  of  Mines  was  in  my  office 
recently  and  told  me  some  of  the  results  obtained  in  Pittsburgh ;  I 
was  startled  at  the  results  he  got  down  there  and  asked  him  to  bring 
some  of  the  records  and  then  found  they  were  testing  the  boilers  at 
40  per  cent  of  rated  capacity.  Yet  he  was  giving  out  this  information 
showing  poor  performances  with  cast   iron  boilers.     That  is  the 
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danger  when  starting  tests  for  various  capacities  with  a  running 
start. 

L.  P.  Breckenridge  :  My  thought  was  that  this  Code  was  to 
furnish  a  scheme  for  producing  an  economic  performance  curve  for 
certain  types  of  boilers.  We  buy  electric  motors  and  receive  on  re- 
quest the  economic  performance  curve  with  the  motor.  The  maker 
furnishes  you  with  this  information.  What  we  need  is  a  method  of 
testing  boilers  so  that  the  manufacturers  of  the  boilers  will  have  an 
economic  performance  curve  that  goes  with  the  boiler,  and  if  you 
burn  coal  at  a  given  rate,  you  cannot  help  getting  the  economic  per- 
formance. We  cannot  very  well  test  boilers  after  they  are  set ;  we 
wish  to  know  what  they  will  do  before  they  are  set. 

May  I  ask  Mr.  Mclntire  how  he  determines  the  moisture  in  the 
steam  when  he  discharges  it  into  the  atmosphere? 

J.  F.  McIntire:  We  pass  the  steam  through  a  steam  separator. 
We  found  difficulty  in  obtaining  calorimeter  readings  at  low  steam 
pressures,  and  we  therefore  pass  the  steam  through  a  steam  sep- 
arator and  catch  in  that  the  moisture  that  is  carried  over  with  the 
steam,  which  is  weighed.  • 

I  notice  a  mistake,  according  to  my  notions,  in  the  Code,  where  it 
is  specified  that  that  water  caught  in  the  separator  should  be  weighed 
at  the  end  of  the  test.  It  should  be  weighed  hourly  or  even  at 
shorter  periods  than  that,  so  there  will  be  a  check  on  the  amount  of 
water  that  is  being  carried  over  with  the  steam.  If  that  is  con- 
stant, then  we  know  that  the  boiler  is  not  foaming,  but  if  that 
amount  increases  to  a  larger  per  cent  than  is  accounted  for  by  the 
condensation  due  to  lagging  on  the  piping  or  the  steam  separator, 
then  it  is  certain  that  water  has  been  carried  over  and  allowance 
should  be  made  for  that. 

I  think  there  is  danger  that  the  engineer  is  likely  to  run  into  a 
difficulty  in  following  Professor  Breckenridge's  method  of  carrying 
5  lb.  pressure  in  a  boiler  and  delivering  the  steam  to  a  tank  contain- 
ing 2  lb.  pressure;  if  he  finds  that  his  capacity  per  hour  is  getting  a 
little  low,  he  is  liable  to  open  up  the  valve  for  that  tank  and  turn 
more  steam  in,  and  the  amount  of  steam  delivered  at  that  time  does 
not  represent  the  true  evaporation  of  the  boiler  for  that  hour,  but 
the  reserve  pulled  from  the  boiler  itself.  In  other  words,  the  throt- 
tling of  the  valve  gives  the  steam  delivered  from  the  boiler  to  this 
tank  or  to  the  orifice,  as  the  case  may  be,  and  does  not  mean  that  rate 
of  consumption  of  the  fuel  is  changed. 

L.  P.  Breckenridge:  That  never  really  happens  if  your  reducing 
pressure  valve  works  freely. 
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J.  F.  McIntire  :  In  a  testing  laboratory  where  the  equipment  can 
be  watched  very  closely,  it  is  possible  to  use  a  pressure  reducing  valve 
satisfactorily,  but  there  are  lots  of  times  when  boilers  are  being 
tested  that  the  man  is  not  familiar  with  pressure  reducing  valves,  and 
he  will  not  fuss  with  them. 

The  President:  Isn't  it  possible  with  this  Code,  to  get  all  the 
points  on  the  curve  ? 

L.  P.  Breckenridge  :  It  is,  I  should  think.  But  I  am  wondering 
about  the  accuracy  with  which  the  work  can  be  done  for  each  point 
that  will  be  gotten. 

I  believe  that  the  variation  in  the  points  on  this  capacity  curve 
from  the  true  points  will  be  more  with  the  proposed  method  of 
testing  than  with  another  and  better  method  that  will  be  suggested 
to  your  Committee  and  that  this  method  will  bring  these  points 
nearer  the  curve.  It  is  simply  a  question  of  the  relative  accuracy 
of  doing  the  work. 

P.  J.  Dougherty  :  There  are  other  factors  that  will  afifect  the 
capacity  and  efficiency  curve  beside  the  method  of  starting  and 
stopping  the  test,  such  as  the  intensity  of  draft,  the  method  of 
firing,  the  quality  and  kind  of  fuel,  etc.  As  far  as  controlling  the 
capacity  developed,  that  can  be  done  by  controlling  the  draft  inten- 
sity during  the  test.  The  engineer  who  designs  boilers  can  tell 
within  10  per  cent  the  capacity  the  boiler  will  develop  before  the 
drawings  are  turned  over  to  the  pattern  maker. 

No  engineer  loses  sight  of  the  economic  curve  but  there  are  other 
factors  equally  as  important  that  the  heating  engineer  cannot  afiford 
to  lose  sight  of  in  order  to  produce  a  successful  heating  boiler. 
The  length  of  firing  period  is  one  of  those  important  factors  and  it 
makes  no  difference  how  favorable  the  economic  curve  may  show 
up  if  the  heater  is  so  designed  that  it  must  be  attended  to  fre- 
quently, like  a  power  boiler,  no  one  wants  it  in  his  home. 

Another  important  factor  is  the  intensity  of  draft  required  to 
develop  the  boiler's  capacity.  There  is  such  a  thing  as  a  heating 
boiler  being  too  efficient  to  be  of  any  practical  use  except  as  a 
play  thing  in  a  testing  laboratory.  A  heating  boiler  like  a  locomo- 
tive must  produce  to  a  considerable  extent  its  own  draft  by  per- 
mitting enough  heat  to  escape  up  the  chimney  to  overcome  low 
leaky-chimney  conditions.  Draft  troubles  are  the  bane  of  a  heating 
engineer's  existence.  The  requirements  of  a  heating  boiler  are 
radically  different  from  those  of  a  power  boiler. 

A  calorimeter  for  testing  the  quality  of  steam  from  a  low  pres- 
sure boiler  is  worthless.  All  the  steam  should  be  passed  through 
a  calibrated  steam  separator. 
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D.  B.  Prentice  :     I  would  like  to  point  out  to  Mr.  Dougherty 
that  the  point  he  raises  about  the  time  period  the  boiler  will  carry 
the  load,  is  absolutely  not  met  by  this  Code,  because  at  the  top  of 
page  80  this  formula  for  calculating  ratings  is  given  as  follows : 
C  X  £ 

=  boiler  capacity  per  hour  in  B.t.u. 

T 

You  can  cut  your  fuel  in  half  and  burn  it  in  half  the  time  and 
get  the  same  rating  of  the  boiler,  so  that  the  rating  of  a  boiler 
from  that  equation  would  bear  no  relation  to  the  amount  of  coal 
it  would  hold  or  the  length  of  time  it  would  carry  a  load.  The 
code  which  The  American  Society  of  Mechanical  Engineers  consid- 
ered had  that  eight  hour  period  particularly  specified. 

P.  J.  Dougherty  :  It  is  specified,  and  the  20  per  cent  residual 
is  also  taken  care  of.     T  is  the  time  the  fuel  available  will  last. 

D.  B.  Prentice  :  If  you  specify  8  hours,  you  do  not  need  T 
in  there;  you  need  the  figure  8. 

P.  J.  Dougherty  :  While  the  Code  recommends  8  hours  it 
would  not  be  advisable  to  include  8  in  the  Code  formula,  since  the 
length  of  firing  period  varies  according  to  conditions.  For  small 
boilers  an  8  or  10  hour  firing  period  is  usually  demanded,  while 
for  large  boilers  burning  soft  coal  or  with  frequent  janitor  atten- 
tion only  3  to  6  hours  may  be  the  length  of  firing  period  demanded. 
The  Code  formula  is  broad  enough  to  meet  all  practical  require- 
ments in  determining  the  relative  capacities  of  different  boilers  and 
at  the  same  time  is  as  definite  as  it  is  possible  to  make  it  without 
being  unjust  in  its  requirements. 

D.  B.  Prentice:  With  reference  to  the  action  of  those  pressure 
reducing  valves,  we  have  been  able  to  run  a  test  for  16  hours 
with  the  ordinary  damper  regulator  of  the  commercial  boiler  and 
hold  the  steam  pressure  within  ^  lb.  of  5  lb.  in  the  boiler,  and  the 
pressure  in  the  receiver  so  closely  that  the  discharge  through  the 
orifice  would  not  vary  more  than  2  or  3  lb.  an  hour ;  and  that 
was  without  any  particular  attention  to  the  pressure  reducing  valves. 
We  always  checked  that  receiver  pressure  with  a  mercury  tube, 
and  the  variations  in  pressure  would  not  force  the  mercury  up  half 
an  inch. 

Jas.  H.  Davis  :  I  think  that  is  a  very  good  suggestion  regarding 
the  rating  of  boiler  based  on  capacity  in  amount  of  square  feet, 
allowing  250  B.t.u.  for  steam  and  150  for  water,  but  the  exten- 
sive use  of  wall  radiation  in  place  of  loop  radiation  has  shown 
that  a  boiler  which  will  carry  1,000  sq.  ft.  of  loop  radiation  will 
not  carry  1,000  sq.   ft.  of  wall  radiation,   for  the  reason  that  the 
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wall  radiation  will  give  off  approximately  300  B.t.u.  per  sq.  ft. 
with  surrounding  air  at  70  deg.,  as  against  250  B.t.u.  for  loop 
radiation. 

W.  S.  TiMMis:  To  defend  the  Committee  on  the  point  raised 
by  Mr.  Ohmes,  if  he  will  look  at  it  carefully,  he  will  find  it  reads 
as  follows:  "If  rating  is  desired  in  equivalent  square  feet  direct 
radiation,  divide  capacity  in  B.t.u.  by  250  for  steam  and  150  for 
hot  water."  We  all  know  that  pipe  coils  and  wall  radiation  have  a 
higher  value  and  anyone  who  reads  this  250  and  is  dealing  in 
.B.t.u.  will  know  how  to  make  the  proper  correction  for  that  item. 

P.  H.  Seward  :  You  must  rate  a  boiler  by  some  standard.  To 
rate  it  on  wall  radiation  would  be  wrong  for  loop  radiation.  It 
is  a  good  thing  to  keep  to  the  current  practice  which  recognizes 
loop  radiation  as  the  medium  that  is  adapted  for  expressing  the 
power  of  a  boiler  in  square  feet  of  radiation.  I  think  myself,  and 
have  advocated,  that  boilers  should  have  their  rating  expressed 
in  square  feet  of  radiation  and  also  in  B.t.u. 

I  think  to  sum  up  this  whole  discussion,  we  might  go  back  to 
Prof.  Breckenridge's  original  remark  to  the  effect  that  this  Code 
is  not  the  last  word  in  testing  house-heating  boilers.  It  is  prob- 
ably the  result  of  all  that  has  gone  before  in  this  Society  covering 
a  period  of  some  twenty  odd  years.  This  question  has  been  dis- 
cussed and  summed  up  from  the  standpoint  of  the  manufacturer 
and  the  engineer  and  it  is  the  last  word  only  in  the  sense  that  it 
covers  the  result  of  all  our  experience  and  investigation  and  it  is 
submitted  with  the  idea  that  it  will  be  accepted  by  the  Society  and 
go  forth  to  be  put  into  public  use  and  tried  out.  It  will  probably 
be  amended  from  time  to  time  either  by  this  Committee  or  by 
another  Committee  of  this  Society. 

It  does  not  seem  to  me  possible  that  we  will  arrive  at  a  Code 
that  we  could  say  embraced  all  the  various  points  different  people 
have  given  us.  Our  knowledge  has  increased  and  we  are  bound 
to  further  improve  on  it.  I  think  Prof.  Breckenridge  summed 
the  thing  up  very  well  when  he  said  that  he  thought  he  might 
with  this  method  of  starting  the  fire  get  fairly  accurate  results. 
I  think  that  is  true  of  a  man  like  Prof.  Breckenridge  anyway ; 
I  should  say  he  would  get  very  good  results  with  this  method  of 
testing  if  he  thought  in  advance  he  was  going  to  get  them. 

I  also  understand  that  he  says  this  Code  would  give  the  economic 
curve  suggested  by  Mr.  Ohmes  if  anybody  wanted  it,  therefore 
we  cover  that  point.  I  think  the  remarks  of  the  other  gentleman 
with  regard  to  the  different  practice  in  connection  with  low  pres- 
sure heating  boilers  and  power  boilers  is  very  well  taken  and  it  is 
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probable  that  this  Society  will  always  approach  the  problem  from 
a  radically  different  standpoint  than  The  American  Society  of 
Mechanical  Engineers  which  deals  very  largely  with  design.  Our 
Society  deals  largely  with  installation.  This  is  not  a  Code  to  deter- 
rnine  design  although  we  hope  it  may  have  an  influence  for  higher 
efficiency.  It  is  a  Code  to  determine  working  capacity,  and  I  surely 
hope  that  this  discussion  will  enable  the  motion  to  be  adopted 
and  the  Code  put  into  the  proceedings  of  the  Society.  We  will 
all  have  a  chance  to  work  under  it  in  practice  and  in  a  year  from 
now  we  will  come  back  with  some  new  knowledge  on  the  subject 
— possibly  some  amendments  to  it,  certainly  some  improvements, 
and  in  that  way  make  substantial  progress. 

The  President  :  I  have  noted  the  different  points  that  have 
been  brought  up  where  there  are  objections  to  this  proposed  Code, 
and  I  suggest  that  we  take  up  each  of  them  instead  of  trying  to  vote 
on  the  whole  Code  as  it  stands.  It  we  do  not  approve  of  No.  10, 
for  instance,  that  the  steam  pipe  should  be  left  open,  let  us  settle 
that  and  then  take  up  the  question  of  firing,  etc.  Let  us  see  if 
we  cannot  get  to  some  agreement ;  either  accept  it  as  it  stands  or 
see  if  some  can  give  way  a  little  and  get  a  Code  that  we  can  all 
back  up. 

M.  W.  Erhlich  :  I  think  that  it  is  entirely  possible  but  I  do 
not  think  after  that  process,  you  will  have  the  best  code  by  any 
means.  I  think  the  only  thing  to  do  is  to  adopt  the  Code  as  it 
stands,  not  as  the  last  word,  but  simply  as  a  step  so  that  it  can 
come  back  to  us  again  after  we  have  tried  it  out  for  some  years 
and  see  what  the  differences  are.  I  think  if  that  method  of  vot- 
ing on  it  point  by  point  is  attempted,  it  will  divide  the  house,  as 
the  vote  will  never  be  exactly  even.  It  will  simply  amend  the  Code 
so  that  we  will  not  recognize  it  when  we  are  through  with  it,  and 
the  chances  are  that  no  one  would  accept  it  in  practice  and  work 
it  because  one  point  would  conflict  with  another. 

Homer  Addams:  There  have  been  in  the  Committee  meetings 
wide  differences.  This  matter  of  efficiency  was  talked  about,  but 
I  hardly  think  it  is  the  right  thing.  The  best  that  was  apparent  to 
the  Committee  is  reflected  by  these  rules  in  the  paragraphs  given. 
If  the  Committee  went  into  session  right  now,  it  probably  would 
present  something  again,  on  which  there  would  be  just  as  great 
differences.  What  is  done  here  cannot  stand  long  and  I  do  not 
believe  we  need  to  fear  that  we  are  hitching  ourselves  to  some- 
thing that  is  fast  and  hard.  The  threshing  of  this  subject  as  far 
as  we  went  showed  that  there  were  great  differences  and  wide 
extremes  to  be  met  with  and  conformed  to. 
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The  heating  boiler  field  is  distinctly  our  field,  and  I  do  not 
feel  that  we  should  be  influenced  into  taking  any  position  on 
account  of  fear  for  what  The  American  Society  of  Mechanical 
Engineers  may  attempt  to  do.  If  they  have  anything  better  than 
we  have,  we  will  do  as  we  have  always  been  glad  to  do,  and  take 
it  up  with  them  and  be  glad  to  adjust  ourselves  to  it.  But  if  we 
work  this  out  right,  I  believe  they  will  be  glad  to  absolve  them- 
selves from  the  care  and  worry  that  goes  with  this  work  of  formulat- 
ing a  Code. 

L.  P.  Breckenridge  :  There  is  before  The  American  Society 
of  Mechanical  Engineers  a  proposed  code  for  testing  heating  boil- 
ers which  has  been  printed  and  presented.  It  was  presented  by  Mr. 
Prentice  and  myself ;  that  is  why  we  are  here.  We  desire  to  do 
what  we  can  to  bring  these  Codes  together.  I  feel  that  the  wise 
thing  to  do  is  to  adopt  your  Code,  retain  the  Committee  and  expect 
the  Committee  to  recommend,  from  time  to  time,  such  amend- 
ments and  changes  as  they  find  desirable.  I  think  that  would 
probably  take  care  of  it.  We  know  it  is  not  quite  right  yet,  but 
it  is  pretty  good;  so  let's  adopt  it  and  let  the  Committee  be  still 
retained  and  if  they  think  of  any  changes  within  a  year  from  now, 
let  them  recommend  such  changes  or  additions.  In  the  mean- 
time it  will  be  before  you  and  everybody  can  work  with  it  and 
you  can  come  back  with  experience  gained  by  using  this  Code — the 
future  will  take  care  of  itself. 

The  President:  You  have  heard  the  motion,  which  is  to  the 
efifect  that  the  Report  of  the  Committee  be  accepted  by  the  Society. 

W.  S.  Tim  mis:  May  I  add  to  that  motion  the  amendment 
suggested  by  Prof.  Breckenridge  that  the  Committee  be  continued 
for  the  purpose  of  making  such  amendments  from  time  to  time  as 
experience  may  determine. 

Frank  K.  Chew  :     I  accept  the  amendment. 

The  President:  The  motion  now  reads  that  the  Report  of 
the  Committee  be  accepted  by  the  Society,  the  Committee  be  con- 
tinued for  the  purpose  of  presenting  to  the  Society  such  changes 
or  corrections  in  the  Code  as  seem  to  them  wise  to  be  incorporated — 

The  motion  was  then  put  to  vote  and  carried. 


No.  478 

WHAT  WE  DO  AND  DONT  KNOW  ABOUT 
HEATING 

By  John   R.  Allen,  MiNNEAPOLfS,   Minn. 
Member 

THERE  are  many  things  we  know  about  heating  and  I  will 
try  to  enumerate  the  principal  ones ;  there  are  many  things 
we  don't  know  about  heating,  but  can  know  if  we  would 
take  the  time  and  the  money  necessary  to  investigate.  There  are 
also  many  things  that  we  will  never  know  because  the  problem  in- 
volves too  many  changeable  variables,  which  can  never  be  solved. 

HEAT 

Let  us  start  first  by  considering  the  laws  of  heat.  Most  of  the 
useful  experiments  that  can  be  immediately  applied  to  heating  were 
first  made  by  Peclet  in  1840  to  1850.  Peclet's  work  was  translated 
into  English  by  Box  about  1880  and  is  given  in  Box's  "Treatise  on 
Heat."  Almost  every  author  since  Box's  time  has  quoted  Box  and 
given  Box's  constants  for  radiation,  conduction  and  convection. 
Some  authors  have  given  him  credit  but  most  of  them  seem  to  have 
forgotten  the  source  of  their  information. 

In  recent  years  very  little  fundamental  work  has  been  done  by 
physicists  upon  heat  and  its  application.  The  modern  physicist  is 
wedded  to  electricity  and  he  can  tell  you  the  electrical  resistance 
of  iridium  and  tetonium  and  all  the  metals  that  are  never  used  for 
electrical  conduction,  but  he  cannot  tell  you  the  heat  resistance  of  a 
brick  or  a  piece  of  stone,  or  a  piece  of  concrete.  There  is  a  real 
reason  for  this.  Heat  is  extremely  difficult  to  experiment  with 
accurately  and  electricity  is  the  easiest  of  all  the  fields  of  research. 
H  electricity  is  in  its  infancy,  as  is  often  said,  heating  is  in  embryo 
and  unborn.  We  know  a  thousand  things  about  electricity  to  one 
that  we  know  about  heat. 
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Has  anyone  ever  looked  up  the  various  authors  to  find  the  con- 
stants for  radiation,  conckiction  and  convection?  If  so,  they  would 
have  found  results  varying  as  much  as  100  per  cent.  There  is  an 
opportunity  for  some  physicist  to  make  himself  undyingly  famous 
by  establishing  beyond  controversy,  some  of  these  much  used  con- 
stants. It  is  this  lack  of  fundamental  knowledge  that  has  hampered 
and  is  still  hampering  the  heating  engineer  in  dealing  with  the  heat 
problems  connected  with  his  business.  This  lack  of  fundamental 
knowledge  has  afifected  all  our  experimental  work.  We  make  small 
experiments  through  a  very  narrow  range  of  observation  on  very 
special  devices  and  these  experiments  would  be  absolutely  unneces- 
sary had  we  the  fundm'ental  principles  underlying  these  devices. 

Of  the  fundamental  laws  we  probably  know  a  little  about  con- 
duction, still  less  about  convection  and  very  little  about  radia- 
tion. We  find  the  statement  made  in  physics  that  a  dull  black  sur- 
face radiates  the  most  heat.  In  my  own  experiments  upon  cast 
iron  radiators,  I  found  that  there  was  practically  no  difference  in 
heat  transmission  between  dull  black  and  pure  white  polished  sur- 
faces. In  fact  the  pure  white  polished  surface  gave  oiT  about  3 
per  cent  more  heat  than  the  dull  black.  These  are  facts  that  my 
physicist  friends  have  never  been  able  to  explain. 

HEAT  LOSS  FROM  BUILDINGS 

Consider  heat  losses  from  buildings.  For  years  we  guessed  at 
them  by  some  rule-of -thumb.  These  rules  were  usually  proposed 
by  some  one  supposed  to  know  more  about  heat  than  any  one  else 
and  were  usually  very  dangerous  to  apply  throughout  a  wide  range 
of  conditions. 

We  have  followed  the  German,  the  theory  of  which  is  generally 
considered  to  be  at  least  approximately  correct,  but  these  formulae 
require  certain  practical  constants  for  heat  transmission.  The  heat 
laboratory  at  Charlottenburg  has  determined  many  of  these  con- 
stants for  German  forms  of  building  construction,  but  very  little 
work  has  been  done  in  this  country. 

Some  years  ago  I  started  to  check  up  the  German  constant  for 
glass  which  of  course  is  the  most  fundamental  constant  that  we 
have.  I  found  that  for  dry  glass  with  no  rain  or  wind  the  constant 
K  =  0.64;  for  rain  and  no  wind,  K  =  1.248;  for  wind  and  no 
rain  K  =  1.05  ;  for  rain  and  wind  K  =z  1.485.  The  generally  ac- 
cepted constant  by  authors  as  determined  by  the  German  Govern- 
ment is  1.3  and  for  fifteen  years  we  have  accepted  this  constant. 
It  is  entirely  possible  to  have  the  glass  surface  wet  even  in  zero 
weather  and  the  constant  is  manifestly  too  small.     Personally  I  am 
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now  using  K  ■=  1.25  as  the  glass  constant.  This  only  goes  to  show 
that  some  of  our  fundamental  facts  are  wrong  and  need  a  careful 
checking  up. 

When  it  comes  to  the  constant  K  for  cement,  hollow  tile,  metal 
lath  and  similar  construction,  practically  all  the  constants  we  have 
are  based  upon  computation — they  are  only  approximate.  They 
may  be  right ;  they  are  probably  wrong  or  largely  in  error,  and  we 
have  no  experimental  work  to  guide  us.  We  need  in  this  country 
a  vast  amount  of  experimental  research  so  as  to  place  these  funda- 
mental constants  of  the  heating  business  on  a  well  established 
foundation. 

INFILTRATION 

One  of  the  important  factors  in  determining  the  heat  loss  from 
a  building  is  the  amount  of  air  that  leaks  in  around  the  cracks  and 
crevices.  One  of  the  first  assumptions  with  respect  to  infiltration 
was  made  by  Carpenter  in  which  he  assumed  that  the  air  in  a  room 
was  ch'anged  once  per  hour  due  to  infusion  of  air  from  outside  or 
infiltration.  In  the  average  room  this  is  approximately  true.  On 
the  other  hand,  there  is  absolutely  no  reason  why  the  cubic  con- 
tents should  have  anything  to  do  with  infiltration,  as  infiltration 
occurs  largely  around  the  windows  and  window  frames,  and  it 
should  be  based  on  wall  and  window  conditions  and  not  upon  cubic 
contents.  Recent  experiments  in  New  York  show  that,  particularly 
in  metal  sash,  infiltration  should  be  based  upon  the  perimeter  of  the 
sash. 

Of  course,  there  is  one  factor  in  this  that  we  shall  never  know, 
as  no  one  can  foresee  how  tight  or  how  loose  the  contractor  is  going 
to  construct  the  building.  The  equation  of  the  contractor  has  never 
been  determined  and  considering  the  number  of  variables  entering 
into  the  problem,  it  never  will  be  determined.  Such  phases  of  our 
computations  will  always  have  to  be  covered  by  adding  a  certain 
per  cent  which  might  well  be  called  the  "factor  of  ignorance." 

RADIATION 

We  have  much  more  explicit  information  in  regard  to  radiation 
than  in  regard  to  heat  loss  from  buildings.  We  know  that  a  two 
column  38  in.  radiator  will  give  a  value  of  K  of  about  1.65  B.t.u.'s 
with  1  lb.  steam  pressure  and  a  room  temperature  of  TO  deg.  We 
know  that  this  constant  K  increases  as  the  difference  between  the 
temperature  outside  the  radiator  and  the  temperature  inside  the 
radiator  increases.    The  approximate  formula  is : 
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K  —  1.445  +  0.001437   (T,  —  T^) 
where 

Ti  =  the  temperature  of  the  steam ; 

T2  =  the  temperature  of  the  room. 

We  know  something  about  the  painting  of  radiators.  If  a  radiator 
is  painted  with  any  kind  of  flake  metal  pigment  such  as  aluminum, 
gold  or  bronze,  its  efficiency  is  reduced  approximately  25  per  cent. 
If  it  is  painted  right  over  the  aluminum  with  an  enamel,  the  heat 
transmission  is  the  same  as  the  bare  iron.  I  have  made  these  experi- 
ments with  14  coats  of  paint  on  the  radiator  and  the  effect  of  the 
last  coat  and  the  first  coat  was  practically  the  same. 

This  shows  that  the  heat  transmission  of  the  radiator  depends 
upon  the  ability  of  the  surface  to  dispose  of  the  heat  and  not  upon 
the  conductivity  of  the  material  of  which  the  radiator  is  composed. 
That  is,  under  the  conditions  existing  in  a  radiator,  the  heat  is  trans- 
mitted much  more  rapidly  through  the  metal  of  the  radiator  than 
the  surface  of  the  radiator  can  dissipate  the  heat.  It  is  possible 
that  we  may  find  some  coating  which  can  be  placed  upon  a  radiator 
that  will  increase  its  conductivity  beyond  that  of  the  bare  iron,  I 
do  not  know  that  any  attempts  have  ever  been  made  to  do  this, 
but  it  is  one  possible  means  of  increasing  radiator  efficiency. 

A  radiator  gives  off  heat  in  two  ways,  by  radiation  and  by  con- 
vection. For  many  years  I  have  tried  to  find  out  what  proportion 
of  the  heat  is  given  off  by  radiation  and  what  proportion  by  convec- 
tion. Approximately  it  is  "50-50,"  but  I  have  never  been  able  to 
make  a  satisfactory  determination.  This  is  impossible  as  undoubt- 
edly some  of  the  radiant  heat  from  the  radiator  passes  directly  out 
through  the  wall  and  window  surface  without  having  any  effect, 
and  we  may  find  it  desirable  to  so  arrange  our  radiators  that  all 
heat  given  off  by  them  is  given  off  by  convection.  We  should  have 
more  fundamental  knowledge  on  this  subject. 

INDIRECT  RADIATION 

Take  the  indirect  radiation,  and  by  indirect  radiation  I  mean  that 
not  only  through  which  air  circulates  by  natural  circulation,  but 
through  which  air  circulates  by  means  of  a  fan  or  of  fan  coils. 
We  know  that  in  this  type  of  radiator  all  the  heat  from  the  radiator 
is  given  off  by  convection  and  in  convection  the  form  of  the  sur- 
face plays  a  very  important  part  in  its  effectiveness.  We  also  know 
and  recent  experiments  prove  that  effectiveness  of  its  surface  is 
practically  independent  of  the  material  of  which  the  surface  is  com- 
posed. Copper,  cast  iron,  and  wrought  iron  give  practically  the 
same  effect. 
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The  condensation  from  surfaces  of  this  kind  depends  upon  the 
air  resistance  of  the  radiator,  provided  the  radiator  is  properly 
designed.  That  all  depends  upon  the  temperature  of  the  surface 
and  the  temperature  of  the  air.  Since  the  condensation  depends 
upon  the  air  resistance  of  the  radiator,  in  radiators  of  this  class 
a  radiator  of  low  resistance  is  not  wanted  because  in  order  to  get 
the  condensation,  it  will  be  necessary  to  put  in  a  number  of  radiators. 
Some  engineers  have  specified  widely  spaced  fan  coils  of  low  resist- 
ance and  then  put  in  a  bank  of  coils  in  order  to  obtain  condensa- 
tion. This  is  simply  wasting  surface  as  the  same  heating  effect 
could  be  produced  with  closely  spaced  coils  and  a  much  smaller 
number  of  them. 

PIPE    SIZES 

In  this  country  we  probably  give  less  consideration  to  pipe  sizes 
than  in  any  other  engineering  country.  The  sins  committed  by  the 
average  contractor  in  the  matter  of  pipe  sizes  are  legion.  When 
we  get  down  to  the  economical  use  of  pipe  there  is  just  one  way 
to  determine  the  sizes  and  that  is  to  determine  the  resistance  of 
each  piece  of  pipe.  We  design  good  fan  piping  systems  for  air  by 
resistance  and  yet  we  design  our  steam  piping  sizes  on  a  heating 
job  by  guess  work  and  experience — these  terms  are  sometimes 
synonymous. 

Some  years  ago  when  I  had  some  time  on  my  hands  and  a  heating 
plant  was  to  be  designed,  I  designed  a  real  piping  job  and  figured 
the  pipe  resistance  to  each  radiator,  and  it  is  the  most  satisfactory 
job  of  heating  that  I  ever  installed.  The  average  engineer,  how- 
ever, is  too  lazy  to  go  to  the  trouble  of  doing  this,  and  I  am  just 
as  guilty  as  the  rest. 

To  take  pipe  sizes  out  of  a  table  and  have  them  determined  by 
the  square  feet  of  radiation  is  no  basis  of  reason  on  a  large  job. 
It  is  quite  possible  that  close  to  the  boiler  you  can  put  150  sq.  ft. 
of  radiation  on  a  1^  in.  riser,  while  at  a  remote  point  a  1%  in. 
riser  might  only  carry  60  sq.  ft.  A  tremendous  amount  of  pipe 
is  wasted  in  the  heating  business  by  using  excessive  sizes.  To 
design  a  system  of  this  kind  requires  great  accuracy  but  gives 
economical  results. 

The  modem  piping  system  in  a  steam  heating  installation  always 
reminds  me  of  a  small  pumping  station  I  once  inspected.  The  Board 
of  Directors  had  purchased  a  pump  with  a  2  in.  discharge  and  they 
instructed  the  engineer  to  run  the  2  in.  pipe  from  the  pump  a  dis- 
tance of  three-quarters  of  a  mile.  When  I  came  to  examine  the 
pipe  I  found  that  the  pump  was  working  against  a  static  head  of 
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70  lb.  and  friction  head  of  100  lb.,  and  that  in  place  of  a  2  in.  pipe 
they  should  have  had  a  6  in.  pipe  when  the  calculations  were  based 
on  friction. 

In  the  heating  business,  however,  we  more  often  make  the  mis- 
take of  using  pipe  too  large  rather  than  pipe  too  small,  particularly 
in  the  smaller  installations.  In  hot  water  piping  with  forced  cir- 
culation it  is  absolutely  necessary  to  work  from  friction,  if  uni- 
form circulation  and  no  short  circuiting  is  expected. 


PIPE  COVERINGS 

We  have  some  very  good  information  upon  the  subject  of  pipe 
coverings  above  ground.  We  are  just  acquiring  a  little  informa- 
tion in  regard  to  pipe  coverings  below  ground.  I  have  been  making 
some  experiments  on  pipes  buried  in  the  ground  without  any  cov- 
ering. The  surprising  thing  in  these  experiments  is  the  great  dis- 
tance that  heat  is  transmitted  through  the  ground.  It  is  possible 
to  detect  a  steam  pipe  under  ground  20  ft.  away. 

We  also  find  that  the  condensation  below  ground  is  less  than  the 
condensation  in  the  air.  Our  latest  experiments  show  that  there  is 
less  condensation  with  the  steam  passing  through  the  pipe  at  a 
good  velocity  than  with  the  steam  in  a  quiescent  state  in  the  pipe. 
Of  course  the  deeper  the  pipe  is  buried  in  the  ground  the  less  is 
the  heat  transmission  and  if  we  were  to  bury  a  pipe  to  a  sufiicient 
depth  it  would  be  unnecessary  to  have  any  covering  at  all — the 
ground  would  serve  as  its  own  heat  insulator,  so  that  the  deeper 
we  run  heating  ducts  and  heating  pipes  the  less  we  need  insulation. 
This  fact  is  often  lost  sight  of.  Exact  data  in  regard  to  these 
facts  are  not  available,  but  as  a  number  of  experiments  are  being 
carried  on  we  undoubtedly  shall  soon  be  able  to  make  some  exact 
statements. 

APPURTENANCES   OF   A    HEATING   PLANT 

Every  heating  engineer  seems  to  have  an  ambition  to  invent  some 
new  heating  device  that  every  one  will  have  to  use  and  incidentally 
will  give  him  an  opportunity  to  make  some  money.  There  have 
been  placed  upon  the  market  and  advertised,  thousands  and  thousands 
of  heating  devices.  Some  of  them  are  very  good,  some  do  no 
harm  when  placed  upon  the  heating  plant,  and  some  are  positively 
detrimental.  Some  are  very  good  when  properly  applied  and  are 
useless  under  other  conditions. 
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Some  years  ago,  I  installed  a  heating  plant  in  a  residence  and  the 
plant  is  almost  identical  with  a  certain  patented  system  of  heating 
now  on  the  market.  The  only  difiference  between  my  system  and 
the  patented  one  is  that  I  left  off  all  the  patented  articles  and  my 
system,  I  think,  works  a  little  better  than  similar  systems  near  by 
that  used  the  patented  articles.  This  is  only  one  example  of  the 
many  cases  where  systems  have  had  imposed  upon  them  all  the 
patented  devices  possible,  but  which  in  many  cases  would  have 
been  better  off  if  most  of  these  articles  had  been  omitted. 

We  must  always  remember  as  engineers  that  the  best  design  is 
always  the  simplest  design.  There  is  a  tendency  among  all  engineers 
in  the  heating  business  to  complicate  their  systems— to  use  too  many 
unnecessary  devices.  This  is  largely  due  to  the  fact  that  these  de- 
vices have  been  urged  upon  them  by  salesmen  who  must  secure  busi- 
ness. Many  of  these  devices  are  very  meritorious,  but  the  attempt 
is  to  give  them  universal  application  when  they  should  only  be  ap- 
plied in  specific  cases. 

CONCLUSION 

The  purpose  of  these  remarks  has  been  to  emphasize :       « 

1.  The  necessity  of  bringing  to  the  attention  of  physicists  and  scien- 
tific men  the  fact  that  we  need  more  knowledge  of  the  science 
of  heat  and  heat  transmission. 

As  we  get  more  and  more  exact  knowledge  this  knowledge 
should  be  used  by  the  engineer  so  as  to  leave  less  to  ex- 
perience and  guess  work,  and  more  to  actual  figures.  It 
will  never  be  possible,  however,  in  heating  work  to  en- 
tirely eliminate  the  factor  of  judgment.  We  have  so 
many  variables  entering  into  the  problem,  such  as  the 
conditions  of  building  construction,  and  the  materials 
used,  that  we  will  always  have  to  make  our  figures  only 
the  basis  for  our  judgment. 

2.  To  call  the  attention  of  engineers  to  the  tendency  to  overload  the 
plants  with  unnecessary  devices  and  to  urge  the  greatest  sim- 
plicity in  construction  and  the  economical  use  of  materials. 

The  present  high  prices  of  piping  and  materials  should  lead 
us  to  consider  every  possible  means  of  conserving  these 
materials. 
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DISCUSSION 

G.  B.     Nichols  :     Papers  presented  before  this  Society  can,  in 
general  be  classed  under  three  heads : 
First,  Constructive  papers,  those  constructing  or  building  up  and 

adding  to  general  scientific  knowledge; 
Second,  Destructive  papers,  those  adding  no  information  and  sim- 
ply throwing  doubt  around  scientific  facts  already  recognized ; 
the  papers  merely  stating  opinions  without  experimental  facts, 
thereby  doing  great  damage  to  the  original  investigators ; 
Third,  Evasive  papers,  those  papers  neither  destructive  nor  con- 
structive,  and   incorporating   no   new    facts   or   substantiating 
existing  facts. 
After  reading  the  paper  under  discussion,  I  am  forced  to  place 
it  in  the  class  of  destructive  papers.     In  fact,  the  paper  simply 
covers  the  opinions  of  the  author  in  that  very  little  is  known  about 
heating  in  any  of  its  factors. 

In  the  first  paragraph  the  Author  states :  "there  are  many  things 
we  don't  know  about  heating,  but  can  know  if  we  would  take  the 
time  and  money  necessary  to  investigate."  This  statement  will 
always  be  true,  no  matter  how  much  time  and  money  is  spent. 
Already  on  this  broad  subject,  whole  lifetimes  have  been  spent 
in  investigating  and  money  has  been  expended  to  great  extent  to 
cover  investigations  and  still  there  is  much  left  for  thought,  al- 
though great  credit  should  be  given  to  investigators  both  in  the 
early  stages  and  those  of  recent  date. 

In  the  next  sentence  the  Author  states :  "There  are  many  things 
that  we  will  never  know  because  the  problem  involves  too  many 
changeable  variables,"  although  a  great  many  of  these  problems 
which  the  Author,  I  believe,  has  in  mind,  will  be  known  as  investi- 
gations are  carried  on  along  broader  lines. 

Modern  heating  is  practically  in  its  infancy.  At  the  present 
time  no  form  of  heating  is  used  to  any  great  extent  that  was  used 
by  the  last  generation.  In  fact,  this  generation  has  had  to  develop 
a  complete  new  line  of  heating  equipment  and  the  mistakes  made 
by  this  generation  will  undoubtedly  be  corrected  to  a  more  or  less 
extent  by  the  next.  I  believe  that  there  is  no  need  of  the  pessi- 
mistic view  as  taken  by  the  writer. 

On  the  subject  of  Heat,  the  Author  states,  "We  know  a  thousand 
things  about  electricity  to  one  that  we  know  about  heat."  As  an 
example,  I  would  call  to  his  attention  the  large  amount  of  experi- 
mental work  which  has  been  done  in  connection  with  Vento  heat- 
ers and  fan  systems  where  the  results  have  been  determined  to  the 
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third  decimal  place.  Also  the  large  amount  of  research  work  and 
definite  results  known  regarding  humidity  and  its  control ;  also 
with  what  degree  of  accuracy  our  present  large  office  buildings 
are  heated,  within  a  few  degrees,  even  with  the  extreme  variation 
in  temperature  due  to  our  northern  climate.  The  latter  fact,  I 
believe,  shows  that  there  are  a  great  many  items  that  are  known 
and  definitely  used  with  practical  results  in  the  heating  profession. 

I  would  ask  the  Author  in  his  comparison  of  Heat  and  Elec- 
tricity, so  forcibly  brought  out,  the  two  being  forms  of  energy, 
to  state  the  difference  between  these  similar  factors  of  energy, 
or  to  state  what  Electricity  is,  aside  from  being  a  form  of  energy. 
I  think  he  will  then  realize  that  even  some  of  the  fundamentals  of 
Electricity  are  very  evasive  at  the  present  tim€  and  much  less  is 
known  regarding  Electricity  than  Heat  for  Heat  can  be  definitely 
defined  and  described. 

The  above  remarks  would  also  apply  to  the  section  of  the  paper 
on  Heat  Losses  from  Buildings. 

Under  the  subject  of  Infiltration,  every  engineer  is  willing  to 
admit  that  the  cubical  contents  are  not  the  underlying  factor  regard- 
ing infiltration,  as  the  same  is  based  upon  the  area  of  the' outside 
wall  and  its  construction.  Cubical  contents,  however,  have  been 
used  as  a  practical  method  of  arriving  at  the  desired  results,  for 
always  in  designing  particular  buildings,  some  form  of  short-cut 
method  of  arriving  at  results  has  to  be  adopted  by  the  various 
shops  and  industries  in  this  country.  H,  however,  a  designer  wishes 
to  go  further  and  figure  the  exact  infiltration,  a  large  amount  of 
study  has  been  given  to  this  very  subject  and  the  factors  are  quite 
definitely  known  and  can  be  used  intelligently. 

Under  the  subject  of  Radiation,  it  would  appear  that  for  all 
practical  results,  the  B.t.u.  given  ofif  by  various  sizes  of  radiators 
are  definitely  known.  Indirect  Radiation  mentioned  under  the  next 
heading,  has  been  more  carefully  worked  out. 

Under  the  heading  of  Pipe  Sizes,  with  the  material  and  data  now 
on  hand,  definite  sizes  can  be  determined  if  so  desired.  I  do  not 
think  it  necessary  to  figure  the  resistance  of  each  radiator  in  the 
design  of  general  work  as  always  a  factor  of  safety  should  be 
allowed. 

Under  the  heading  of  Pipe  Covering,  excellent  tests  in  general 
have  been  conducted  for  a  considerable  period.  In  fact  only 
recently  The  American  Society  of  Mechanical  Engineers  awarded 
a  prize  for  a  paper  on  this  very  subject,  the  data  of  which  obtained 
by  Mr.  L.  B.  McMillan,  compare  very  favorably  with  Peclet's 
original  experiments. 
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Regarding  the  burying  of  pipe  to  a  sufficient  depth  so  as  to  need 
no  insulation,  this  is  an  impracticable  conception  as  pipes,  in  gen- 
eral, are  not  buried  below  15  ft.  and  this  only  in  extreme  cases. 
In  reference  to  appurtenances  of  a  heating  plant  being  exces- 
sive, I  am  willing  to  admit  that  some  pieces  of  apparatus  are  a 
disappointment  to  their  inventors.  In  general,  however,  I 
believe  that  most  devices  on  the  market  perform  their  function 
and  the  results  which  they  will  accomplish  are  definitely  known 
and  if  used  with  discretion  and  in  line  with  the  manufacturers' 
recommendation,  results  can  be  guaranteed. 

In  general,  the  heating  engineer  is  simply  a  clearing  house  for 
various  manufacturers'  products  and  his  business  is  to  adapt  each 
particular  item  to  its  specific  purpose  in  the  various  installations. 
In  conclusion,  therefore,  I  believe  that  papers  of  this  kind 
should  be  based  on  more  definite  facts  and  add  to  the  information 
already  before  the  Society,  rather  than  to  discredit  work  already 
done. 

W.  H.  Carrier  :  I  do  not  agree  that  all  Prof.  Allen  has  said 
is  so,  but  I  do  agree  with  one  thing  that  is  objected  to,  and  that 
is  the  necessity  of  bringing  to  the  attention  of  physicists  and  scien- 
tific men  the  fact  that  we  need  more  knowledge  of  the  science 
of  heating  and  heat  transmission.  Comparing  this  field  with  elec- 
tricity, the  latter  was  of  necessity  developed  for  the  scientific  end. 
Probably  Steinmetz  in  this  country  has  done  more  than  any  other 
person  to  develop  the  science  of  electricity  from  a  mathematical 
and  physical  standpoint,  from  the  very  beginning.  This  was  an 
absolute  necessity. 

With  heat  we  had  certain  rough  and  ready  factors  which  were 
good  enough  for  approximate  engineering  purposes,  but  I  find  con- 
tinually in  close  work  on  new  problems  that  our  knowledge  of  heat 
transmission  and  the  various  factors  entering  into  it,  is  altogether 
too  limited ;  that  these  factors  are  too  little  understood,  and  there 
is  altogether  too  little  record  of  accurate  scientific  investigation 
of  these  factors.  For  instance,  in  regard  to  the  heat  transmission 
between  air  and  water,  just  look  through  the  handbooks  and  about 
50  dififerent  formulas  will  be  found,  all  different  in  constants,  in 
the  rate  at  which  the  transmission  changes  with  the  velocity,  and 
altogether  confusing,  each  representing  experimental  data  that  are 
not  taken  with  sufficient  care,  and  the  results  are  not  sufficiently 
analyzed;  in  other  words,  it  is  just  half  way  done.  This  thing 
should  be  taken  up  from  the  standpoint  of  the  physicist,  with  the 
idea  of  obtaining  such  results  as  can  be  applied  in  practice.  The 
methods  would  be  determined  largely  by  the  engineer  knowing  his 
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requirements,  the  physicist  knowing  how  to  get  at  the  facts ;  a 
combination  of  the  two  should  result  in  bringing  fundamental 
knowledge  which,  if  worked  up  and  properly  adapted,  would  result 
in  factors  being  determined  with  accuracy  which  could  be  applied 
to  widely  differing  sets  of  conditions. 

The  facts  are  more  or  less  complex,  but  they  are  all  susceptible 
of  analysis  if  sufficient  eft'ort  and  care  is  taken  in  the  investigation. 
The  emphasis  that  Prof.  Allen  has  placed  on  this  is,  to  my  mind, 
very  important.  I  believe  that  the  next  ten  years  will  see  a  great 
deal  of  work  done  along  this  line  if  proper  steps  are  taken  to  bring 
the  attention  of  the  physicist  to  the  importance  of  such  investigation 
along  practical  lines,  as  well  as  scientific  lines.  There  is  quite  a 
considerable  amount  of  investigation  of  the  transmission  from 
steam  to  air,  and  some  from  water  to  air,  on  record,  but  this  has 
not  been  analyzed  as  carefully  as  it  could  be  if  the  experiments 
were  conducted  with  very  exact  instruments  in  the  physical  labora- 
tories. This  may  seem  a  waste  of  time  to  practical  heating  and 
ventilating  engineers  like  ourselves,  but  the  results  are  still  some- 
what confusing  and  a  careful  analysis  would  show  why, the  dif- 
ferent results  are  obtained  under  different  conditions  and  give 
explanations  of  factors  that  we  are  not  now  able  to  explain. 

In  regard  to  the  application  of  heating  to  buildings,  this  is  of 
necessity  more  or  less  a  matter  of  experience,  and  I  think  that 
scientific  investigations  have  been  made  as  to  the  resistance  and 
heat  losses  in  various  constructions  from  a  theoretical  standpoint. 
But  there  are  practical  modifications,  such  as  infiltration,  variation 
in  wind  velocities  and  exposure,  and  other  things  that  will  always 
make  this  a  very  indeterminate  condition.  It  would  be  useless  to 
try  to  determine  for,  say,  a  velocity  of  wind  of  20  miles  an  hour 
parallel  with,  or  a  velocity  of  20  miles  an  hour  directly  against  a  wall, 
what  the  difference  in  transmission  was,  because  one  day  it  is  one 
thing  and  another  day  it  is  another ;  no  two  days  give  conditions 
that  are  identical,  and  we  must  take  the  most  severe  condition, 
or  take  an  average  condition  and  make  an  approximation.  Prob- 
ably the  practical  rules  we  have  today  are  as  good  as  anything  that 
may  be  had,  as  they  have  been  worked  out  in  practice  and  certainly 
answer  for  average  conditions. 

W.  J.  Baldwin  :  Pipe  diameters  have  always  been  a  hobby  with 
me.  Diameters  were  the  first  thing  I  tried  to  determine  after  I 
got  in  the  steam  heating  line.  In  1869,  I  was  a  naval  architect, 
but  after  the  Civil  War  I  had  to  turn  my  hand  to  something  else, 
and  chance  sent  me  into  the  steam  piping  line  which  I  have  not 
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regretted.  I  could  find  no  written  authority  on  pipe  sizes,  and 
the  size  or  diameter  was  the  first  problem  I  paid  attention  to. 

Condensation  in  radiators  of  course  also  entered  into  the  problem. 
In  1868  I  think  Prof.  Richards  of  Yale  was  the  only  man  that 
could  tell  us  anything  about  condensation,  and  I  did  not  find  him 
then,  so  I  had  to  put  a  radiator  on  two  wooden  horses,  and  place 
a  bucket  under  its  drip  and  approximate  the  condensation  the 
best  way  I  could.  We  now  know  something  and  that  something  is 
a  great  deal  about  the  sizes  and  diameters  of  mains,  and  I  am  sure 
a  fitter  never  botched  a  job  by  making  his  mains  too  large,  though 
he  has  done  so  often  by  making  them  too  small ;  so  that  even  if  he 
is  a  little  extravagant  in  his  diameters  we  have  a  right  to  excuse 
him. 

I  think  it  is  a  good  thing,  to  err  this  way  in  the  sizes  of  steam 
mains.  Prof.  Allen  seems  to  think  we  pay  no  attention  to  it,  or 
that  we  do  it  in  a  reckless  way.  This  is  not  so,  and  the  masters 
in  the  profession  have  not  erred,  though  there  is  still  some  botched 
work  by  the  man  who  was  a  gas-fitter  yesterday  and  a  steam-fitter 
today. 

Simplicity  and  large  pipes  on  the  one  pipe  system  is  the  solution 
of  our  problem.  Recently  I  have  avoided  two  pipe  work  in  heating, 
when  one  pipe  will  do.  At  one  time  I  was  a  great  advocate  of  it, 
but  I  had  to  swing  over.  I  have  avoided  even  the  use  of  return 
pipes;  I  will  put  no  return  pipe  in  a  steam  heating  job  if  I  can 
manage  to  omit  it.  This  is  not  new  ;  I  have  much  work  done  this 
way. 

From  the  boiler  we  rise  up  to  a  large  pipe  near  the  ceiling  and 
start  a  main  circuit  down  grade  to  the  boiler  again.  But  this  is 
not  a  return  pipe ;  it  is  simply  the  return  of  that  pipe.  We  put 
the  boiler  in  a  corner,  for  convenience  and  then  simply  run  around 
the  building.  This  circuit  is  all  steam  pipe,  until  we  drop  at 
the  boiler  below  the  water-line.  There  is  then  a  little  bit  of  the 
main  called  return.  We  "take  ofif"  a  simple  single  pipe  to  a  one 
pipe  radiator,  any  place,  from  the  main.  Then  the  rising  main 
comes  off  and  runs  up.  This  is  all  that  is  required  in  a  steam 
heating  apparatus,  unless  the  complications  of  the  building  are 
such  that  they  force  us  to  adopt  some  peculiar  method  to  overcome 
the  difficulty ;  but  buildings  as  they  are  now  constructed  will  gen- 
erally permit  of  this  simple  apparatus  for  direct  radiation. 

The  diameters  of  mains  are  getting  back  to  the  old  idea  of  mine 
that  the  diameter  of  the  main  holds  a  relation  to  the  radiators, 
about  as  the  square  root  of  the  heating  surface.  A  member  of 
this  Society  some  years  ago,  said  Baldwin  erred  to  follow  "the  rule 
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of  the  square  root,"  and  that  he  should  follow  the  square  root  of 
the  fifth  power.  That  is  correct  enough  if  all  the  heating  surface 
is  grouped  at  the  end  of  the  first  run  of  pipe.  But  when  we  add 
length  after  length  and  rising  line  after  rising  line,  we  will  find 
that  the  diameters  of  the  pipe  will  bear  more  nearly  as  some  func- 
tion of  the  square,  and  sometimes  even  come  inside  of  it.  It 
depends  on  the  lengths  of  the  mains.  If  we  depart  much  from  the 
rule  of  the  inverse  of  the  square,  we  are  going  to  get  into  trouble. 
If  we  make  it  according  to  that  rule  we  are  pretty  safe. 

Another  point  I  am  trying  to  bring  out  when  we  come  to  one 
pipe  work,  is  the  necessity  of  the  old  rule.  If  the  main  is 
proportioned  by  the  square  root  rule,  in  the  run  around  the  base- 
ment, we  are  safe.  If  the  velocity  of  the  steam  through  the  vertical 
rising-line,  never  exceeds  50  ft.  per  sec,  we  are  safe  and  the  steam 
will  go  up  and  the  water  will  drop  down.  Two  points  of  diameter 
are  now  fixed,  and  we  come  to  the  diameters  of  the  branches. 

When  we  come  to  a  point  upstairs  in  the  building  we  must  run 
to  the  radiator  of  course.  Let  us  make  the  radiator  connection 
so  large  that  the  steam  velocity  through  it,  does  not  exceed  15  ft. 
per  sec. ;  then  the  water  from  the  radiator  wnll  always  run  back 
through  the  same  pipe.  I  know  it  is  not  very  safe  to  make  these 
connections  much  smaller.  Another  peculiar  thing  about  these  hori- 
zontal pipes  (radiator  connections  for  one  pipe  work)  is,  that  if 
we  make  them  of  glass,  we  will  find  the  steam  and  the  water  appar- 
ently going  in  the  same  direction.  The  water  is  actually  of  course 
running  back  and  the  steam  is  running  to  the  radiator  but  it  does 
not  look  that  way  through  the  glass.  A  wave  is  seen  running  the 
way  of  the  steam.  When  I  first  looked  at  the  action  through  a 
glass  pipe  I  hesitated,  but  looking  more  sharply  I  noticed  there  were 
little  black  specks  near  the  bottom  of  the  pipe,  and  they  were 
hurrying  in  the  direction  of  the  rising  line,  so  what  we  see,  is  the 
wave  on  the  surface  of  the  water  going  the  way  of  the  steam,  just 
what  we  might  see  in  the  North  River  with  the  wind  blowing  up 
the  river  and  the  tide  coming  down. 

For  these  horizontal  pipes,  a  pitch  of  ^  in.  in  4  or  5  ft.  towards 
the  rising  line  is  enough.  The  point  I  am  trying  to  make  now  is, 
the  diameter  of  the  main  should  follow  the  square  root  rule ;  the 
velocity  in  the  rising  lines,  the  50  ft.  per  sec.  rule,  and  the 
velocity  in  the  radiator  pipes,  the  15  ft.  per  sec.  rule.  With  these 
rules  the  apparatus  will  work  on  a  gravity  system,  low  basement, 
and  if  they  are  much  smaller  it  will  not  work. 
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The  formula  therefore  for  nearly  horizontal  main,  or  circuits,  is 

y/H 

D= 

10 
in  which  D  =  the  diameter  of  the  pipe  in  inches 

H  =  the  square  feet  of  heating  surface,  beyond  the  point, 
for  which  the  diameter  is  to  be  determined. 
For  mains  of  no  length,  the  formula  would  be 

D  = 

10 

A  great  deal  has  been  said  here  recently  on  transmission  through 
glass  and  iron  and  copper.  The  speakers  have  in  mind,  of  course, 
the  thickness  of  the  wall  of  a  radiator,  or  the  glass  in  the  window, 
or  something  of  that  kind,  but  as  the  transmission  through  glass 
and  through  iron  and  nearly  all  metals  is  so  great,  the  factor 
becomes  a  negligible  quantity.  The  transmission  of  heat  through 
the  wall  of  a  radiator  does  not  depend  much  on  the  power  of  the 
metal  to  conduct  heat,  but  on  the  two  vehicles  of  heat,  the  one 
inside  and  one  outside  of  the  glass  or  the  iron. 

It  is  the  movement  of  the  air  with  the  movement  of  the  steam, 
or  the  condensation  of  the  steam,  or  the  movement  of  the  water 
we  are  dealing  with,  so  that  I  have  an  idea  that  we  have  been 
putting  a  great  deal  of  effort  on  transmission  through  metals  or 
glass  when  it  does  not  accomplish  much.  Thickness  of  walls  is 
another  problem,  but  the  amount  of  moisture  in  the  wall  affects 
the  whole  question  of  transmission  through  the  wall,  so  it  is  the 
movement  of  the  two  heat  vehicles,  the  air  being  one  and  the  steam 
and  water  being  the  other,  that  governs. 

It  is  hard  to  say  what  Professor  Allen  had  in  mind  when  he 
wrote.  He  must  have  been  thinking  of  the  queer  things  he  sees 
now  and  then  from  men  who  should  know  better. 
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REPORT  OF  COMMITTEE  ON  STANDARD 
METHOD  OF  TESTING  RADIATORS 

THE  importance  of  establishing  some  standard  method  of  de- 
termining the  heat  losses  in  the  various  forms  of  direct 
radiation  must  be  recognized  by  every  heating  engineer. 
Most  laboratories  have  approximately  the  same  methods  of  deter- 
mining these  heat  losses  but  the  methods  used  have  never  been 
given  any  official  recognition.  A  standard  method  of  establishing 
heat  losses  must  always  involve  a  standard  method  of  determining 
the  actual  external  surface  of  the  radiator.  ' 

LOCATION  OF  TESTS 

The  character  of  the  room  in  which  a  radiator  is  tested  makes  an 
appreciable  difference  in  the  results  obtained.  The  room  in  which 
the  radiator  is  to  be  tested  should  be  a  normal  room,  as  far  as  the 
relation  of  wall  and  window  surface  is  concerned ;  that  is,  the  wall 
surface  should  be  from  four  to  six  times  the  window  surface.  The 
room  should  have  an  outside  exposure  on  one  side  only.  The  radi- 
ator to  be  tested  should  be  located  under  the  windows  at  a  distance 
of  about  3  in.  from  the  outside  wall.  The  room  should  be  main- 
tained as  nearly  as  possible  at  70  deg.  fahr.  There  should  be  no 
additional  drafts  or  currents  of  air  in  the  room  other  than  those 
produced  by  the  circulation  of  the  air  in  the  room  itself. 

METHODS  OF  TESTING 

Two  methods  of  testing  are  suggested,  the  condensation  method 
(I)   and  the  electrical  method   (II). 

I.  Testing  by  Condensation.  When  this  method  is  used  steam 
should  be  supplied  to  the  radiator  through  a  reducing  pressure 
valve.     Immediately  after   leaving  the  reducing  valve  this   steam 
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should  be  admitted  to  a  chamber,  and  the  temperature  and  pressure 
of  the  steam  in  this  chamber  should  be  taken  by  calibrated  instru- 
ments. The  temperature  of  the  steam  as  observed  when  compared 
with  the  temperature  corresponding  to  the  pressure  should  show  a 
few  degrees  of  superheat  so  as  to  insure  dry  steam  entering  the 
radiator.  From  this  chamber  a  valved  pipe  connection  is  made  to 
one  end  of  the  radiator  and  from  the  other  end  of  the  radiator  a 
valved  pipe  connection  is  made  to  the  condensing  chamber.  This 
condensing  chamber  should  be  provided  with  a  gage  glass  and 
thermometer.  All  chambers  and  piping  in  this  series  of  connec- 
tions should  be  lagged  with  2  in.  hair  felt  or  an  equivalent  covering. 

The  drip  pipe  returning  from  the  condensing  chamber  should  be 
provided  with  a  valve  so  that  a  uniform  water  level  can  be  main- 
tained in  this  chamber.  This  pipe  is  connected  with  a  cooling  coil 
for  cooling  the  condensation,  and  after  leaving  the  cooling  coil  the 
condensation  is  collected  in  a  pail  or  suitable  vessel  in  which  it  can 
be  weighed.  In  conducting  the  test  the  drip  valve  should  be  adjusted 
to  a  uniform  rate  of  flow  so  as  to  maintain  a  constant  water  level  in 
the  condensing  chamber  during  the  test.  All  air  should  be  vented 
from  the  radiator  with  a  pet  cock  which  should  be  opened  fre- 
quently for  short  intervals  during  test,  so  as  to  be  sure  that  all  the 
air  has  been  removed. 

Instruments.  Calibrated  thermometers  should  be  placed  at  points 
where  the  steam  enters  and  leaves  the  radiator.  Since  the  standard 
steam  pressure  under  which  the  radiator  is  tested  has  a  correspond- 
ing temperature  of  220  deg.,  special  all  glass  thermometers  with  a 
range  from  150  to  250  deg.  and  at  least  8  in.  long  should  be  used 
for  this  purpose.  The  stems  of  these  thermometers  should  be  im- 
mersed at  the  reading  in  steel-oil-well  thermometer  cups.  The  scale 
intervals  on  the  thermometer  should  not  be  less  than  1  deg.  The 
temperature  in  the  room  should  be  taken  on  the  three  inside  walls 
and  in  the  middle  of  the  room  at  a  location  of  5  ft.  from  the  floor. 
The  bulbs  of  all  these  thermometers  should  be  screened  from 
radiant  heat.  These  four  thermometers  should  be  averaged  in 
obtaining  the  room  temperature.  The  temperature  of  the  outside 
air  should  be  taken  by  a  thermometer  placed  on  a  post  outside  the 
building  at  a  distance  of  at  least  6  ft.  from  the  building.  The 
humidity  of  the  room  should  be  taken  with  a  sling  psychrometer. 

Conducting  the  Test.  Before  starting  on  the  test,  all  instruments 
should  be  calibrated,  the  thermometers  by  comparison  with  a  known 
standard  and  the  gages  by  a  dead  weight  test.  The  radiator  should 
be  under  steam  for  a  sufficient  length  of  time  so  that  the  weight  of 
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condensation  for  fifteen  minute  intervals  does  not  vary  more  than 
^  lb.  When  the  radiator  has  reached  a  stable  condition  the  test 
may  begin.  Readings  of  the  weight  of  condensation  should  be  made 
every  fifteen  miniftes  for  a  period  of  two  hours.  Readings  of  steam 
gage  and  thermometers  should  be  made  every  ten  minutes.  The 
following  indicates  a  form  of  tabulation  of  the  average  observed 
quantities  and  the  compiled  results : 

The  standard  room  temperature  is  70  deg.  fahr.  and  the  standard  tem- 
perature of  steam  in  the  radiator  220  deg.  (corresponding  pressure  17.2  lb. 
absolute  or  2.5  lb.  gage)  ;  the  standard  difference  of  temperature  to  be 
150  deg. 

1.  No.  of  Test   

2.  Date  

3.  Time  of  test  from to 

4.  Duration  of  test,  minutes 

5.  Weather     

6.  Wind    

7.  Humidity  in  room,  per  cent 

8.  Name  of  radiator  

9.  Type  of  radiator  * 

10.  Height  of  radiator,  in 

1 1 .  Number  of  sections  

12.  Actual  dimensions,  in.  length 

breadth   

height   

13.  Distance  from  floor,  in 

14.  Rated  surface   (Manufacturer's  rating),  sq.  ft 

15.  Actual  surface,  sq.  ft 

16.  Average  barometric  pressure,  in.  of  mercury 

17.  Barometric  pressure,  lb.  per  sq.  in 

18.  Average  pressure  of  steam  in  radiator,  lb.  gage  

19.  Pressure  of  steam  in  radiator,  lb.  absolute   

20.  Average  temperature  of  steam  entering  radiator,  lb 

21.  Temperature  corresponding  to  the  pressure,  deg 

22.  Latent  heat  corresponding  to  the  pressure  (line  19) 

23.  Degrees   superheat    

24.  B.t.u.'s  in  superheat   (Cp  =  0.47) 

25.  B.t.u.'s  given  up  per  pound  of  steam 

26.  Average  room  temperature,  deg 

27.  Average  outside  temperature,  deg 

28.  Average  humidity,  per  cent 

29.  Difference  between  room  and  steam  temperature,  deg 

30.  Condensation  per  hour,  lb 

31.  Condensation  per  square  foot  rated  surface,  lb 

32.  Condensation  per  square  foot  actual  surface,  lb 

33.  Total  B.t.u.'s  given  off  per  hour  (line  25  x  line  30) 

34.  B.t.u.'s  given  off  per  hour  per  square  foot  rated  surface 

35.  B.t.u.'s  given  off  per  hour  per  square  foot  actual  surface 
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II.  Testing  by  Electrical  Input.  The  essential  difference  be- 
tween the  condensation  method  and  the  electrical  method  of  testing 
a  radiator  is  that  in  the  first  case,  the  heat  supplied  is  determined 
by  the  amount  of  steam  condensing  in  the  radiator,  whereas  in  the 
second  case,  the  heat  supplied  is  determined  by  the  electrical  current 
necessary  to  evaporate  the  steam  sufficiently  to  fill  the  radiator  at  a 
given  pressure. 

Apparatus  Used.  The  essential  part  of  the  apparatus  consists 
of  a  boiler  constructed  of  -i-inch  pipe  in  which  is  located  an  elec- 
trical element,  that  furnishes  the  heat  necessary  to  produce  the 
steam  for  filling  the  radiator.  The  input  of  electrical  energy  should 
be  measured  by  a  voltmeter  and  ammeter  and  also  by  a  wattmeter, 
A  switch  should  be  provided  so  that  the  current  can  be  turned  on 
and  off.  In  addition  to  this  an  adjustable  slide  wire  resistance 
should  be  provided  so  as  to  give  the  exact  heat  balance  of  the 
device.  The  resistance  used  in  controlling  the  current  should  be 
located  outside  of  the  room  to  be  tested  (see  Fig.  1). 

The  accuracy  of  this  method  largely  depends  upon  the  correct 
determination  of  the  heat  losses  or  radiant  of  the  heatfer  itself. 
This  radiant  loss  is  determined  by  closing  the  valve  on  the  steam 
supply  and  return  to  the  radiator.  The  electrical  resistance  can 
now  be  adjusted  until  a  uniform  steam  pressure  is  carried  in  the 
heater.  This  uniform  condition  should  then  be  maintained  for  a 
period  of  thirty  minutes  and  the  average  watts  determined  by  three 
minute  observations.  The  amount  of  electrical  energy  used  per 
hour,  as  observed  above,  reduced  to  heat  units  is  taken  as  the 
radiant  loss  from  the  heater  or  boiler. 

Having  determined  the  radiation  loss  the  valves  are  opened  be- 
tween the  heater  and  the  radiator,  and  the  current  is  adjusted  so  as 
to  maintain  a  uniform  steam  pressure  in  the  radiator.  As  soon  as 
a  stable  condition  has  been  maintained  for  a  period  of  fifteen  min- 
utes, the  test  may  be  started.  Readings  should  be  taken  of  the 
voltmeter,  ammeter,  wattmeter,  steam  pressure  and  thermometers 
every  five  minutes  for  one  hour.  The  following  tabulation  should 
be  made  of  the  average  results  of  the  observed  quantities  and  the 
complete  results : 
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1.  Number  of  test   

2.  Date   

3.  Time    of    test    from to 

4.  Duration  of  test,  minutes  

5.  Weather 

6.  Wind 

7.  Humidity  in  room,  per  cent 

8.  Name  of  radiator  

9.  Type  of  radiator 

10.  Number  of  sections   

11.  Actual  dimension,   in.   length 

breadth   

height   

12.  Distance  from  floor,  in 

13.  Rated  surface  (Manufacturer's  rating) ,  sq.  ft 

14.  Actual  surface,  sq.  ft 

15.  Average  barometric  pressure,  in.  of  mercury ' 

16.  Barometric  pressure,  lb.  per  sq.  in 

17.  Average  pressure  of  steam  in  radiator,  lb.  gage   

18.  Average  pressure  of  steam  in  radiator,  lb.  absolute  

19.  Corresponding  steam  temperature  (line  18) 

20.  Average  room  temperature,  deg.    

21.  Average  outside  temperature,  deg 

22.  Average  humidity,  per  cent 

23.  Difference  between  room  and  steam  temperature,  deg 

24.  Average  voltage  of  current  entering  heater  during  heat  loss  test 

25.  Average  amperes  entering  heater  during  heat  loss  test 

26.  Average  wattmeter  reading  during  heat  loss  test 

27.  Heat  loss   from  heater  by  radiation  per  hour  as  determined   from  line 

26,  in   B.t.u.'s 

28.  .  Average  voltmeter  reading  during  test,  volts 

29.  Average  ammeter  reading  during  test,  amperes 

30.  Average  wattmeter  reading  during  test,  watts 

31.  Gross  heat  furnished  heater  per  hour  (as  determined  from  line  30) 

32.  Net  heat  furnished  to  radiator  per  hour  during  test  B.t.u.'s 

33.  Equivalent  condensation  per  square  foot  rated  surface  per  hour   (from 

line  32) 

34.  Equivalent  condensation  per  square  foot  actual  surface  per  hour  (from 

line  32)   

35.  B.t.u.'s  given  ofif  per  hour  per  sq.  ft.  rated  surface 

36.  B.t.u.'s  given  off  per  hour  per  sq.  ft.  actual  surface 


Note:     1    kilowatt   hour    —    .1.412    B.t.u.'s. 
METHODS   OF   DETERMINING   THE    ACTUAL   SURFACE   OF   THE   RADIATOR 

When  the  form  of  the  radiator  is  such  that  the  areas  may  be 
divided  into  regular  geometric  figures,  such  areas  can  better  be 
determined  by  scale  measurement  and  computation.  This  is  seldom 
the  case  and  some  specific  method  must  usually  be  employed. 
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Method  No.  1.  In  this  method  the  various  surfaces  of  the 
radiator  are  divided  into  areas  which  can  be  covered  with  pieces  of 
paper.  Into  each  one  of  these  areas  a  piece  of  paper  is  fitted.  The 
area  of  each  one  of  these  pieces  is  determined  by  means  of  a  plani- 
meter  and  these  areas  are  added  together  to  obtain  the  total  area. 

Method  No.  2.  This  method  consists  of  drawing  a  center  Hne 
through  the  radiator  surface  and  dividing  this  Hne  into  half-inch 
distances.  A  piece  of  stretched  string  such  as  an  indicator  cord  has 
one  end  held  on  this  center  line  and  the  cord  is  then  passed  around 
the  area  at  right  angles  to  this  line,  working  the  cord  into  all  the 
irregularities  so  that  the  length  of  the  cord  will  represent  the  dis- 
tance around  the  surface.  This  is  done  for  every  division  point  on 
the  center  line.  The  length  of  the  cord  at  the  various  division  points 
is  then  averaged.  This  average  length  around  the  surface,  multi- 
plied by  the  length  of  the  center  line,  will  give  the  area  of  the 
surface. 
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DISCUSSION 

H.  M.  Hart  :  I  think  that  with  this  new  scheme  presented  in 
this  Report,  a  hot  water  radiator  could  be  tested ;  it  is  an  electrical 
scheme  very  applicable  to  hot  water  radiation  and  has  this  advantage, 
that  a  recording  meter  could  be  installed,  to  give  the  conditions  that 
you  are  obtaining  at  all  times  during  the  test.  I  think  that  Prof. 
Allen  has  probably  been  responsible  for  this  method  of  testing  the 
radiator  and  it  seems  he  has  adapted  the  same  scheme  to  testing 
the  radiator  that  he  perfected  for  measuring  heat  loss  through  a 
sheet  of  glass.  That  is  a  nice  equipment  because  one  can  read 
the  meters  and  see  just  what  is  taking  place  at  a  given  time  under 
all  conditions,  and  that  would  be  a  great  advantage  in  testing  a 
radiator.  I  think  that  it  would  be  very  accurate,  and  there  would 
be  less  chance  for  differences  due  to  inexperience  and  perhaps  indif- 
ference of  the  observer.  It  seems  to  me  this  is  something  entirely 
new  and  deserves  careful  attention. 

The  Chairman  :  I  would  like  to  ask  Mr.  Hart  if  he  knows 
whether  Prof.  Allen  has  tested  hot  water  radiators  by  this  method? 

H.  M.  Hart:     No,  I  do  not. 

The  Chairman:     Has  he  tested  steam  radiators  practically? 

H.  M.  Hart  :  I  imagine  that  he  has.  I  do  not  believe  that  this 
Committee  would  so  report  unless  it  has  actually  tried  it  out. 

The  Chairman  :  Shall  we  refer  this  Report  back  to  the  Com- 
mittee for  further  information  on  the  second  method  of  testing  by 
electricity  ? 

J.  I.  Lyle:  I  move  that  the  report  be  referred  back  to  the 
Committee  for  more  information  as  to  whether  or  not  the  methods 
as  suggested  have  all  been  tried  and  comparative  results  obtained. 

The  motion  was  seconded  and  carried. 


No.  480 

THE  ENGINEERING  OF  WARM-AIR  FURNACE 

HEATING 

By  M.  William  Ehrlich,  New  York,  N.  Y. 
Member 

AN  able  observer  has  estimated  that  60  per  cent  of  all  inde- 
pendent home  buildings  that  have  individual  heaters  in  their 
■cellars  or  basements  are  heated  with  warm-air  furnaces.  Be- 
sides these  residences,  there  are  schools,  churches  and  industrial 
buildings  that  are  also  heated  by  warm-air  systems  using  the  furnace 
as  the  heat  generator.  Taking  the  residences  alone,  howeVer,  a 
conservative  estimate  places  the  number  at  over  3,000,000  that 
have  warm-air  furnace  installations. 

The  first  cost  of  the  warm-air  furnace  system  is  relatively  low 
and  the  service  can  be  made  both  satisfactory  and  economical. 
With  the  installation  made  carefully  and  correctly,  satisfaction 
and  efficiency  are  assured.  Under  present  conditions,  such  furnace 
system  costs  less,  completely  installed,  than  the  simplest  steam  house 
heating  system,  but  it  can  be  operated  at  the  same  economy  as  the 
average  steam  installation.  For  this  cost  the  furnace  system  gives 
heat  plus  ventilation.  The  warm-air  furnace  gives  that  air  move- 
ment which  is  so  desirable  for  health  and  comfort  in  the  home, 
providing  usually  from  three  to  five  air  changes  an  hour,  and  it  is 
readily  adaptable  to  simple  humidifying  appliances  for  successful 
operation. 

As  most  people  spend  at  least  one-half  of  their  lives  indoors,  the 
quality  of  the  air  they  breathe  is  a  vital  factor  governing  their  state 
of  health.  This  is  particularly  applicable  to  the  liome  where  the 
greater  part  of  our  lives  are  spent.  With  the  warm-air  furnace 
system  the  home  can  be  made  healthy.  Still  the  heating  and  venti- 
lating engineer  has  neglected  this  system  as  of  little  importance. 

It  is  a  public  necessity  that  health  should  be  promoted  and 
economy  practised.     The  first  step  in  this  respect  is  in  the  heating 
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and  ventilation  of  the  home  and  the  warm-air  furnace  is  the  means 
toward  that  end.  This  certainly  lies  within  the  province  of  the 
engineer — his  duty  is  plain — but  apparently  he  has  not  seen  it. 

The  introduction  of  the  warm-air  furnace  as  a  house  heating 
medium  dates  back  to  about  1840.  Its  use  spread  steadily  and 
surely  so  that  today  the  greater  majority  of  our  homes  are  heated 
and  ventilated  by  means  of  the  warm-air  furnace  and  some  by  the 
earliest  makes,  showing  a  service  of  from  30  to  50  years.  Still,  in 
spite  of  this,  the  furnace  industry  is  in  a  chaotic  condition. 

Tradesmen,  through  existing  conditions,  make  their  own  designs 
for  the  heating  layout  and  then  are  compelled  to  make  the  installa- 
tion on  a  purely  competitive  basis,  and  some  manufacturers  aid  this 
condition  by  turning  out  equipment  of  a  makeshift  nature.  This  in- 
cludes the  "wall  stack"  or  partition  flue,  some  fittings  and  direct-draft 
furnaces.  What  is  needed  is  a  scientific  study  of  the  conditions  and 
the  formulation  of  the  results  in  simple  terms,  so  that  they  will 
be  available  to  the  furnace  industry  and  help  to  advance  it, — and 
this  certainly  is  the  field  of  the  heating  and  ventilating  engineer. 

The  various  practical  methods  that  furnacemen  follow  to  arrive 
at  the  same  result,  and  their  different  opinions  on  important  phases 
of  installation,  are  the  outcome  of  conditions  which  the  engineer 
can  help  to  remedy. 

The  pioneers  in  the  heating  field  were  compelled,  in  the  early 
days,  to  guess  at  the  size  of  pipe  necessary  to  heat  a  par- 
ticular room.  By  analyzing  different  conditions  which  were  giving 
satisfactory  working  results,  it  was  found  that  1  sq.  in.  of  warm-air 
pipe  area  would  furnish  sufficient  heat  for  25  to  35  cu.  ft.  of  room 
space.  Experience  in  the  trade  taught  them  the  "best"  ratio  for 
various  kinds  of  house  construction,  for  rooms  on  the  first  and 
second  floors,  and  for  different  weather  exposures.  This  estab- 
lished a  thumb-rule. 

Following  up  the  work  of  practical  men  and  by  experiment,  sev- 
eral methods  of  computation  have  been  evolved  by  experts  who 
are  allied  with  or  interested  in  the  furnace  industry.  At  least 
eight  such  rules  or  methods  of  calculating  furnace  systems  have 
been  published.  The  more  accurate  of  these  depend  on  the  use  or 
include,  the  B.t.u.  in  figuring  the  heating  requirements  and  to  some 
extent,  take  care  of  every  variable  loss,  such  as  material  of  con- 
struction, location  of  rooms  and  weather  exposure. 

For  some  reason,  practical  furnacemen  have  not  taken  up  the 
use  of  such  rules,  even  though  several  of  these  have  received  wide 
publicity  and   endorsement.     The   old   practitioner   is   not   incHned 
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to  consider  anything  "new"  and  a  good  many  either  can  not  or 
will  not  figure  the  heating  requirements  of  a  building.  Of  course, 
others  do  not  understand  the  rules  or  methods.  One  of  the  first 
necessary  steps  for  the  good  of  the  industry  is,  therefore,  the  estab- 
lishment of  a  simple  method  of  figuring  the  leader  or  pipe  sizes  from 
the  furnace  to  the  various  rooms  of  the  house.  As  a  suggestion 
in  this  direction  the  following  new  method  is  presented  for  con- 
sideration : 

First,  calculate  the  total  heat  loss  in  B.t.u.  per  hour  for  a  given 
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FIG.   1.     DIAGRAM   SHOWING  DIFFERENT  CONDITIONS  OF 
EXPOSURE  IN  THREE   ROOMS   OF  THE  SAME  SIZE 


room ;  then  determine  the  size  of  the  leader  in  square  inches  of 
cross  section,  divide  the  total  B.t.u.  by  the  following  values : 

1.  For  first  floor  rooms,  divide  the  B.t.u.  by  120. 

2.  For  second  floor  rooms,  divide  the  B.t.u.  by  150. 

3.  For  third  floor  rooms,  divide  the  B.t.u.  by  180. 

4.  Total  warm  air  pipe  area  thus  found^grate  area  of  size  of 

furnace  required. 

The  heating  engineer  will  no  doubt  note  some  familiarity  in  these 
recommendations.  They  follow  closely  the  methods  that  work  so 
well  in  the  proportioning  of  steam  and  hot-water  installations.  The 
main  difiference  is  that  the  result  for  furnace  heating  is  expressed 
in  square  inches  of  leader  or  warm-air  pipe  area  while  in  the  other 
systems  the  unit  is  square  feet  of  radiation.  It  will  be  seen  then 
that  the  factors  120-150-180  are  the  only  figures  that  must  be 
remembered  and  these  are  really  transmission  factors  for  1  sq.  in.  of 
pipe  area  that  carries  the  warm-air  of  a   furnace  system  to  the 
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rooms  on  the  respective  floor  levels  of  a  house.  It  is  important 
that  the  vertical  flues  should  have  the  same  cross-sectional  area 
as  the  basement  leaders.  When  such  provision  is  made,  the  rules 
will  give  a  well  proportioned  system  that  must  work  successfully. 

The  conditions  taken  as  a  basis  in  the  new  rules  here  presented 
are  an  outdoor  temperature  of  zero  and  a  required  temperature  of 
TO  deg.  fahr.  in  the  room,  a  range  which  is  recognized  as  standard 
for  general  house  heating  computations.  The  difference  in  height 
between  floor  levels  has  been  fully  considered,  as  this  head  will 
give  a  resultant  rate  of  air  travel.  The  velocities  thus  involved 
give  a  smaller  pipe  to  serve  the  second  or  third  floor  in  comparison 
with  a  room  of  the  same  proportions  and  similar  exposure  on  the 
tirst  or  second  floor. 

Even  this  simplicity  does  not  overcome  the  difficulty  among  the 
men  of  the  furnace  trade  because  some  definite  method,  involving 
arithmetical  computation,  has  to  be  followed  in  figuring  the  heat 
loss.  To  the  heating  and  ventilating  engineer  this  is,  of  course,  a 
standard  practice.  It  should  therefore  be  pointed  out  that  regardless 
of  how  the  correct  B.t.u.  losses  are  figured,  these  new  formulas  stand 
as  presented  for  warm-air  furnace  practice. 

To  still  further  simplify  matters  for  the  men  of  the  trade,  it 
might  be  in  order  to  propose  the  equivalent  glass  surface  of  heat 
loss  computations  as  follows : 

The  B.t.u.  loss  through  the  glass  and  walls  must  be  considered. 
Doors  on  outside  walls  may  be  taken  at  the  same  heat  loss  as  glass. 
Walls  in  ordinary  frame  houses,  and  brick  walls  for  buildings  not 
more  than  three  stories  high,  may  be  given  a  like  transmission 
value.  Practice  has  shown  that  the  losses  by  leakage  and  heat 
transmission  through  the  walls  of  such  structures  are  one-fourth  the 
loss  through  the  glass  of  windows.  This  allows  for  a  further  re- 
duction to  simplicity  in  handling  the  computations.  Thus,  4  sq.  ft. 
of  wall  surface  are  equal  to  1  sq.  ft.  of  glass.  This  reduction  is  termed 
equivalent  glass  surface,  usually  abbreviated  by  the  initial  letters 
E.  G.  S.  Then  -i  sq.  ft.  of  wall  added  to  1  sq.  ft.  of  glass  area  gives 
2  sq.  ft.  E.  G.  S. 

Each  square  foot  of  E.  G.  S.  will  require  80  B.t.u.  to  compensate 
for  the  heat  losses  under  maximum  conditions.  Then  the  total 
E.  G.  S.,  multiplied  by  80,  gives  the  total  loss  in  B.t.u.  This  value 
having  been  determined,  the  pipe  sizes  are  readily  found  by  the  use 
of  the  new  formulas  presented  above. 

In  this  simple  manner  leader  sizes  may  be  computed  for  any 
condition.  W^here  there  is  a  cold  attic  above  a  room  the  E.  G.  S. 
should  first  *)r,  multiplied  by  3.2  before  determining  the  B.t.u,  loss. 
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The  same  allowance  should  be  made  for  rooms  that  are  subject  to 
attack  by  very  severe  winds. 

Having  determined  the  square-inch  area  of  the  leaders,  the  cor- 
responding round  pipe  size  may  be  selected  from  the  figures  in 
Table  I. 

Table  I.     Areas  of  Round  Pipe  and  Grates 

Area  in  sq.  in 38  50  64  79  95   113   133   154   177  201  254  314  380  452  490  531  615   706 

Diameterin 7     8     9  10  11     12     13     14     15     16     18     20     22     24     25     26     28     30 
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FIG.    2.     DIAGRAM    SHOWING    RELATIVE    AREAS. 

DIFFERENCE  BETWEEN  CIRCULAR  WARM 

AIR    PIPE    AND    THE    COMMON 

PARTITION    FLUE 


FIG.  3.  COMMON  METHOD 

OF  CONNECTING  LE.\D- 

ER  WITH   PARTITION 

FLUE 


It  is  important  that  the  practical  man  clearly  understands  the 
factors  that  control  or  make  up  the  heat  loss  of  a  given  room. 
It  might  be  said  that  the  continuous  warming  of  a  room  is  kept  up 
to  compensate  for  the  transmission  of  heat  to  the  colder  areas  out- 
side through  the  materials  of  the  building  and  for  the  loss  by  air 
leakage.  As  the  air  of  a  warm  temperature  tends  to  flow  toward 
the  colder  temperature,  the  heat  provided  will  tend  to  flow  toward 
the  outside  and  in  that  way  is  partly  lost  through  the  exposed  build- 
ing walls,  glass  and  crevices  due  to  poor  or  loose  construction. 
Therefore,  the  more  surface  exposed  to  the  weather  the  larger  the 
area  through  which  the  heat  is  dissipated,  requiring  a  greater 
supply  of  warm  air  to  maintain  the  required  interior  temperature. 
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Heating  requirements  are  thus  controlled  mainly  by  the  exposure 
of  the  building.  The  total  heat  loss  is  the  sum  of  the  transmissions 
through  all  surfaces  exposed  for  a  given  condition  of  difference 
in  temperature  between  the  inside  warm  air  and  the  outside  cold 
air, — and  these  are  the  reasons  why  allowances  must  be  made  for 
exposure. 

No  matter  what  rule  is  used  for  finding  furnace  pipe  size,  this 
weather  exposure — which  is  the  side  of  a  room  directly  facing 
on  the  street  or  other  open  space — must  be  considered  in  the  com- 
putation and  allowances  made  accordingly.  In  no  other  way  can 
the  result  give  satisfaction  in  maintaining  the  rooms  of  a  house  at 
the  desired  temperature  for  comfort. 

The  practical  man  must  also  be  impressed  with  the  fact  that 
under  different  conditions,  rooms  of  equal  dimensions  will  not  be 
adequately  heated  by  the  same  minimum  size  of  warm-air  leader  for 
each.  This  is  clearly  shown  in  Fig.  1,  which  originally  appeared  in 
the  Metal  Worker,  Plumber  and  Steam  Fitter.  The  various 
rooms  are  of  the  same  size,  as  shown,  but  have  different  amounts  of 
exposed  surface.  To  simplify  the  comparison,  consider  the  rooms 
on  an  equal  basis  by  omitting  windows.  Then,  taking  room  B  with 
one  wall  exposed,  as  100  per  cent  losses  for  the  area,  shows  that 
room  A  will  have  a  relative  heat  loss  of  250  per  cent  and  room  C  a 
total  transmission  of  350  per  cent.  It  is  seen  that  the  three  rooms, 
with  one,  two  and  three  walls  exposed,  each  require  different  quan- 
tities of  heat  and  certainly  one  minimum  size  of  pipe  could  not  ade- 
quately serve  these  rooms.  And  this  is  why  the  thumb  rule  used 
by  the  furnace  installer  in  designing  a  system,  becomes  dangerous. 

To  prove  this  on  a  volume  ratio,  take  the  assumed  conditions,  and 
a  basis  of  30  cu.  ft.  space  for  each  square  inch  of  pipe  area  which 
gives  50  sq.  in.  for  each  room  of  1,500  cu.  ft.  as  in  the  illustration. 
An  8-in.  pipe  which  has  an  area  of  50  sq.  in.  will  supply  sufficient 
heat  for  room  B,  but  hardly  for  rooms  A  and  C,  which  require  3^^ 
and  33^  times  as  much  warm  air.  A  10-  and  12-in.  pipe  respectively 
would  be  more  nearly  correct  for  these  last  rooms,  considering  them 
all  on  the  same  floor  level. 

To  show  the  application  of  the  foregoing  considerations  to  prac- 
tical conditions,  the  same  illustration.  Fig.  1,  will  be  used  and  warm- 
air  leaders  or  pipe  sizes  will  be  properly  figured  for  each  room,  as 
follows : 

Room  B,  on  the  first  floor,  has  one  wall  10  ft.  long  by  10  ft.  high, 
exposed  to  outside  air;  also  one  window  3x5  ft.  equals  15  sq.  ft. 
Deducting  this  opening  from  10x10  or  100  sq.  ft.,  leaves  85  sq.  ft. 
exposed  wall,  and  dividing  by  4  gives  21  sq.  ft.  E.  G.  S.     Adding 
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the  two  exposures,  31  +  15,  gives  a  total  of  36  sq.  ft.  E.  G.  S.  The 
heat  loss  is  therefore  36  X  80  =  2,880  B.  t.  u.  According  to  the 
rule  for  first  floors,  the  pipe  size  would  be  2,880  ^  120  =  24  sq.  in. 
Referring  to  the  table  of  pipe  areas,  it  is  seen  that  the  nearest  size 
is  a  7-in.  pipe.    No  smaller  size  is  recommended. 

Similarly,  room  C  may  be  assumed  to  be  on  the  second  floor. 
It  has  three  walls  exposed,  even  though  of  the  same  cubical  con- 
tents as  room  B.  The  total  E.  G.  S.  in  this  case  is  121  sq.  ft. 
Then  121  X  80  =  9,680  B.  t.  u.  and  divided  by  150,  according  to 
the  rule  for  second  floor  leaders,  gives  64.5  sq.  in.  This  corresponds 
to  a  9-in.  round  pipe,  as  in  Table  I. 

These  examples  serve  to  show  the  simplicity  of  the  proposed 
method  of  figuring  furnace  pipe  sizes.  The  engineer  may  compute 
his  heat  losses  very  carefully  and  accurately  while  the  tradesman 
will  no  doubt  sooner  learn  to  use  the  equivalent  glass  basis.  Re- 
gardless of  the  method  followed,  the  total  heat  loss  must  be  de- 
termined before  the  proposed  120  -  150  -  180  rule  can  be  used  in 
practice. 

With  an  adequate  size  furnace,  the  size  of  the  warm-air  piping 
is  the  determining  factor  in  making  or  marring  a  furnace  heating 
system.  Even  though  the  leader  sizes  are  correct  for  a  given  con- 
dition, the  success  and  economical  operation  is  doomed  by  the  use 
of  the  rectangular  partition  flue  or  "wall  stack"  and  it  is  this  parti- 
tion flue  that  is  the  one  difficulty  of  present  day  furnace  practice. 
In  the  early  days  of  the  furnace  trade  history  tells  us,  this  wall  stack 
was  considered  nothing  but  a  makeshift  and  apologies  were  ofifered 
for  its  use.  Conditions,  however,  seem  to  have  reversed,  for  the 
wall  stack  is  now  apparently  a  standard,  and  it  is  a  fact  that  this 
"standard"  is  the  main  interference  with  the  advancement  of  the 
furnace  industry. 

Partitions  in  dwellings  are  seldom  made  deeper  than  4  in.  inside 
clearance.  The  dressed  lumber  used  for  studs  is  seldom  4  in.  full, 
so  that  the  space  in  the  partition  is  usually  cut  down  to  3^2  in.  In 
face  of  this,  some  manufacturers  even  go  so  far  as  to  recommend 
a  double-walled  stack  which  is  a  rectangular  duct  or  flue  sur- 
rounded by  a  casing  with  an  air  space  between  the  two,  thereby 
further  reducing  the  effective  warm  air  carrying  cross-section  area 
for  a  given  space  in  a  partition. 

Even  with  the  ordinary  single-pipe  rectangular  wall  stack,  the 
warm-air  flue  is  too  often  a  mere  slot  3  in.  deep.  Sometimes  it 
is  possible  to  use  a  3^-in.  stack  between  the  studding  of  a  parti- 
tion. However,  warm-air  flues  3  in.  deep  by  10  in.  wide  are  com- 
monly used  and  3^^  by  12  or  14  in.  is  not  uncommon.    Such  proper- 
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tion  does  not  give  a  full  effective  area,  so  that  only  a  part  of  the 
flue  is  useful.  Using  an  8-in.  leader  which  is  a  very  common  size, 
with  a  sharp-bend  transition  piece,  and  connecting  it  into  a  3x10  in. 
flue,  has  sadly  come  to  be  general  practice.  It  is  almost  against 
common  sense  to  have  50  sq.  in.  in  the  basement  feeding  30  sq. 
in.  in  the  partition,  and  expect  the  delivery  of  an  adequate  air  sup- 
ply to  a  room. 

These  features  are  illustrated  by  the  several  diagrams  herewith. 
In  Fig.  2  is  shown,  to  scale,  the  relation  of  an  8-in.  round  pipe  used 
as  a  warm-air  leader,  to  a  partition  flue  measuring  3x10  in.  While 
such  flues  often  reach  the  proportion  of  3^^x12  in.,  it  follows  that  a 
larger  leader  is  used  with  it  so  that  the  same  poor  relation  exists. 


FIG.  4.     SEVERAL  COMMON  TYPES   OF   "BOOTS"   USED 
IN    WARM    AIR    FURNACE    HEATING    PRACTICE 


In  Fig.  3  is  shown  the  everyday  practice  of  connecting  a  leader 
to  the  base  of  a  partition  flue.  The  boot,  as  the  base  connecting 
piece  is  usually  called,  is  generally  made  as  shown.  Sometimes  it  is 
oval  in  shape  or  otherwise  modified,  merely,  as  a  rule,  to  simplify 
the  work  in  making  the  connection.  The  shape  or  the  angles  may  be 
difl'erent,  but  all  have  relatively  sharp  corners,  as  shown  in  Fig.  4, 
that  retard  the  flow  of  air  by  setting  up  excessive  friction  which 
has  to  be  overcome  usually  at  the  expense  of  an  unnecessarily  in- 
creased coal  bill. 

There  is  more  than  one  way  of  remedying  this  evil,  the  stumbling 
block  in  the  way  of  the  successful  and  wider  utility  of  the  warm-air 
furnace  system.    From  the  friction  standpoint,  it  is  well  established 
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that  a  round  pipe  or  duct  of  circular  cross-section,  is  the  best  shape, 
and  gives  a  minimum  of  friction.  The  next  best  shape  is  an  elHp- 
tical  duct  as  shown  in  Fig.  5. 

Round  flues  may  be  considered  by  some,  as  out  of  the  question, 
for  use  in  the  ordinary  house  installation,  to  be  run  concealed  in  the 
partition.  By  making  the  necessary  provision  when  planning  the 
house  this  may  be  done  and  has  been  done  successfully,  which  pro- 
vides adequate  heating  and  ventilation,  with  a  resultant  economy  in 
fuel  consumption.  In  lieu  of  this,  however,  there  certainly  can  be 
no  great  objection  to  employing  an  elliptical  flue  for  conveying  the 
warm  air  to  its  room  and  it  is  hoped  that  at  least  this  suggestion 
will  receive  due  consideration  with  a  view  to  practical  application. 

As  to  other  shapes,  the  square  flue  shown  in  Fig.  6  follows  the 
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FIG.    6.      COMPARISON    OF   DIFFERENT   SHAPES 
OF  RECTANGULAR  DUCTS 


elliptical  pipe  in  the  relative  sense  of  minimum  frictio.a.  This, 
however,  is  in  the  same  class  with  the  round  duct.  Next  in  order 
is  the  rectangular  flue  which  is  so  proportioned  that  the  depth  is  not 
less  than  one-half  the  width.  A  flue  so  proportioned  may  be  ex- 
pected to  give  a  fair  effective  area,  so  that  it  at  once  becomes  a 
shape  more  suitable  than  the  common  partition  flue,  which  ordi- 
narily has  a  width  more  than  three  times  the  depth,  resulting  in  a 
duct  with  a  mere  slot  for  conveying  the  warm  air. 

In  all  cases,  the  connection  between  the  leader  and  vertical  warm- 
air  flue  must  be  such  as  not  to  retard  the  air  flow.  As  the  leaders 
are  almost  universally  of  round  pipe,  it  becomes  necessary  to  use  a 
transition  piece  or  elbow  that  gradually  changes  from  full  round 
to  rectangular  or  oval,  as  illustrated  in  Fig.  7.  A  connection  of 
this  type  is  not  only  practical  but  highly  desirable. 

Practical  furnacemen  may  raise  the  point  that  an  elliptical  flue 
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is  too  radical  a  departure  from  present  day  practice  and  that  they 
could  not  be  easily  made  in  the  ordinary  shop.  Still  it  is  not  a 
difficult  matter  to  build  rectangular  flues  of  fair  proportions.  Such 
flues  with  a  width  that  is  not  more  than  twice  the  depth  will  give 
an  almost  full  effective  cross  sectional  area.  Thus  a  flue  10  in. 
wide  should  be  not  less  than  5  in.  deep  in  order  to  get  a  satisfactory 
supply  of  warm  air  to  the  room.  This  area  of  50  sq.  in.  is  in  line 
with  the  usual  heating  requirements  of  second  and  third  floor  rooms, 
and  corresponds  to  the  full  capacity  of  an  8-in.  round  warm-air 
leader. 


FIG.     7.       IMPROVED     METHOD     OF 

CONNECTING     LEADER    TO 

VERTICAL  FLUE 


It  is  the  province  of  the  heating  and  ventilating  engineer  to  edu- 
cate his  architects  to  a  point  where  they  will  realize  that  for  warm- 
air  furnace  installations,  it  is  absolutely  essential  to  build  partitions 
for  the  warm-air  flues  so  that  they  will  accommodate  a  duct  at  least 
5  to  6  in.  deep.  For  round  or  square  flues,  the  partition  where  such 
duct  passes,  would  have  to  be  built  out  to  accommodate  it.  The 
establishment  of  such  practice,  as  is  carried  out  in  schools  and  other 
classes  of  buildings,  is  the  only  solution  for  clearing  away  the  diffi- 
culties that  confront  the  furnace  trade  as  regards  house  heating  in- 
stallations. If  the  engineer  cannot  convince  his  architect  to  accom- 
plish this,  then  perhaps  enough  pressure  might  be  exerted  to  have 
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municipal  building  codes  make  it  compulsory  to  build  partitions 
large  enough  to  take  a  flue  at  least  5  in.  deep. 

Next  in  order  is  the  register  which  is  the  outlet  for  the  warm 
air  supply.  Using  standard  sizes  of  commercial  types,  they  should 
be  selected  on  a  50  per  cent  basis  for  free  area.  This  means  when 
the  leader  or  flue  size  has  been  properly  determined,  it  is  only  neces- 
sary to  multiply  that  area  by  2  to  hnd  the  gross  area  of  the  register 
face  required.  A  type  that  has  a  wide  throat  to  give  unobstructed 
passage  to  the  air  should  be  selected  when  considering  warm-air 
registers. 

Another  feature  that  the  furnaceman  often  overlooks  is  the  fresh 
cold  air  supply  to  the  furnace.  Of  course  the  engineer  readily  under- 
stands that  in  order  to  provide,  say,  1,000  cu.  ft.  of  warm-air  to  a 


FIG.  8.     PROPER  METHOD  OF  CONNECTING  AIR   SUPPLIES  TO  A   WARM 
AIR  FURNACE  AND  RECOMMENDED  PROPORTIONS  OF  SYSTEM 

Considering  the  total  warm  air  pipe  area  as  100  per  cent,  computed  by  proposed 
formulas,  the  minimum  proportions  in   square  inches   are: 

Cold   air   supply    80%        Fresh   air   chamber    150% 

Return    air    duct    100%        Furnace   grate    area    100% 

given  space,  an  almost  equal  volume  of  cold  air  has  to  be  admitted 
to  the  heat  generator  which  in  this  case  is  the  furnace.  As  the 
air  is  increased  in  temperature,  it  expands  and  occupies  more  space. 
This  factor,  however,  is  best  taken  advantage  of  by  using  it  as  a 
margin  of  safety.  Without  an  adequate  cold  air  supply  to  the  fur- 
nace, there  is  too  little  air  to  be  heated,  and  this  deficiency  means  that 
the  house  cannot  be  supplied  with  the  necessary  warm  air  to  heat 
the  rooms. 

Cold  air  for  furnace  supply  is  best  taken  from  out-of-doors  and 
conveyed  to  the  furnace  through  a  metal  duct.  In  determining  the 
size  of  the  fresh  air  box,  it  should  be  proportioned  to  have  a  cross- 
sectional  area  equal  to  the  sum  of  the  areas  of  all  the  warm-air 
leaders  leaving  the  furnace.  This  size  must  be  maintained  from 
the  point  of  outside  air  supply  to  the  connection  at  the  furnace.  It 
may  be  increased  but  should  not  be  reduced  if  it  can  be  avoided. 
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Using  this  basis  for  sizing  the  fresh-air  pipes  to  convey  the  neces- 
sary cold  or  outdoor  air  supply  for  a  furnace  installation,  the  aggre- 
gate area  of  all  warm-air  leaders  will  represent  the  maximum  net 
area  of  cold-air  box.  It  is  a  good  plan  to  use  this  large  size  and 
install  a  damper,  in  this  way  furnishing  a  reservoir  which  acts  as  a 
balance  and  helps  to  maintain  an  even  supply  of  fresh  air  even 
against  variable  winds.  The  cold-air  box  may  be  smaller,  but  in  no 
case  should  it  be  less  than  80  per  cent,  of  the  combined  area  of  all 
warm-air  leaders.    This  is  to  insure  satisfactory  working  conditions 


FIG.  9.    A  TYPICAL  WARM  AIR  FURNACE  INSTALLATION 
WITH  COLD  AIR  BOX  CONNECTION  AT  LEFT 


when  outside  cold  air  is  used.  No  furnace  should  be  installed  with 
out  a  fresh  air  duct.  It  is  very  desirable  in  this  connection  to  pro- 
vide a  larger  chamber  at  the  intake  or  still  better,  a  cold-air  room  in 
which  may  be  installed  dust  screens  or  air  filters,  so  that  only  clean 
outside  air  will  be  admitted  but  then  additional  area  is  required. 

For  economy  in  operation  during  severe  winter  weather  it  is 
essential  that  a  by-pass  be  provided  in  this  cold-air  box  so  that 
indoor  air  supply  will  be  available.  With  such  provision,  either  out- 
side or  inside  air  may  be  supplied  to  the  furnace,  or  a  mixture  of 
both,  as  may  be  preferred.  The  furnishing  of  air  from  within  the 
house  to  the  furnace  is  sometimes  called  recirculation,  return  air  or 
indoor  circulation. 
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The  simplest  provision  for  effective  recirculation  in  a  residence  is 
the  placing  of  a  register  in  the  entrance  hall  or  stairway  which  com- 
municates with  all  the  rooms  in  the  house ;  an  alternative  is  the  in- 
stallation of  a  register  in  the  cold  end  of  the  living  room.  Connecting 
this  register  with  the  furnace  or  into  the  outdoor  cold-air  box, 
through  a  duct,  makes  available  indoor  air  supply  at  a  temperature 
many  degrees  above  the  outdoor  temperature.  Utilizing  this  indoor 
air  means  quite  a  saving  in  the  coal  required  to  heat  the  house.     It 


FIG.  1( 


A  WARM  AIR  FURNACE  INSTALLATION  IN 
A  SMALL  WORKMAN'S  COTTAGE 


is  the  belief  of  many  that  there  is  sufficient  infiltration  through  the 
average  house  construction  to  provide  considerable  fresh  air.  On 
this  score  a  cold-air  box  is  omitted  and  the  furnaces  supplied  en- 
tirely by  indoor  return  air.  This  is  in  line  with  certain  practice 
in  the  heating  and  ventilating  of  large  industrial  buildings. 

Whether  a  by-pass  in  the  cold-air  box  is  provided  for  indoor  circu- 
lation, or  whether  the  inside  air  is  used  alone  as  a  medium  of  fresh 
air  supply  to  the  furnace,  depends  to  a  large  extent  on  the  experi- 
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ence  and  judgment  of  the  engineer  designing  the  furnace  heating 
system.  In  any  case,  however,  the  return  air  duct  should  be  made 
equal  to  not  less  than  the  total  area  of  all  warm-air  leaders  supplied 
by  the  furnace. 

Theoretically,  an  indoor  air  supply  would  necessitate  the  use  of 
larger  warm-air  pipes  and  a  smaller  size  furnace  as  compared  with 
an  installation  using  cold  outside  air.  This  is  accounted  for  by  the 
fact  that  the  difference  in  temperature  under  which  the  system 
would  operate  is  not  so  great  and  such  condition  means  a  lower 
velocity  of  air  flow  and  a  smaller  heat  tax  on  the  furnace. 


AN   APPLICATION    OF   WARM-AIR   HEATING   TO   A   TYPICAL 
TWO-FAMILY    HOUSE 


The  recommended  method  for  the  average  condition  is  to  provide 
a  warm-air  system  with  both  outside  and  indoor  air  supply  to  the  fur- 
nace, as  shown  in  Fig.  8,  with  the  suggestion  that  return  air  be  relied 
on  during  the  four  or  five  colder  months  of  the  heating  season. 
On  this  basis  all  parts  of  the  system — the  leaders,  flues,  registers,  air 
supply  and  furnace — are  proportioned  in  accordance  with  the  rules 
heretofore  presented.  This  gives  a  flexible  arrangement  which 
makes  for  comfort  and  economy  because  inside  or  outside  air  or 
both  mixed,  may  be  used,  according  to  weather  conditions  or  as 
found  desirable. 

In  a  system  so  designed  for  combined  air  supply  and  using  the 
indoor  air,  more  than  air  movement  may  be  expected — positive  cir- 
culation is  assured.     Due  to  the  smaller  temperature  difference,  the 
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velocity  of  air  flow  is  reduced.  Then  again,  for  the  same  reason 
of  low  temperature  difference,  the  furnace  delivers  a  greater  volume 
of  air.  With  the  outside  air  supply  in  use,  the  greater  temperature 
difference  gives  a  higher  velocity  of  flow  and  a  normal  air  delivery 
by  the  furnace.  These  dift'erences  provide  a  practically  automatic 
regulation,  without  any  change  in  the  proportions  of  the  system  and 
this  balance  has  proved  out  in  actual  working  house  heating  instal- 
lations where  the  furnace  is  of  the  proper  capacity,  resulting  in  the 
delivery  of  an  adequate  warm-air  supply  with  the  proper  quantities 
of  heat  to  all  the  rooms. 


FIG.   12.     A  VENTIL.ATING  INSTALLATION  OF  WARM- 
AIR  HEATING   IN  A  SCHOOL  ROOM 


These  remarks  apply  more  specifically  to  systems  proportioned 
by  the  new  rules  that  have  been  presented,  rather  than  to  furnace 
practice  in  general.  On  the  same  basis  the  total  warm-air  pipe  area, 
figured  according  to  these  rules,  will  also  represent  the  size  of  fur- 
nace that  should  be  installed.  Assume  that  an  installation  has  225 
sq.  in.  of  warm-air  pipe  area.  This,  then,  would  be  adequately  sup- 
plied by  a  ftimace  having  a  grate  of  225  sq.  in.  Referring  to  the 
areas  in  Table  I,  it  is  found  that  this  corresponds  to  an  18-in.  grate. 
On  the  above  basis,  then,  1  sq.  in.  of  leader  area  will  be  taken  care 
of  by  1  sq.  in.  of  grate  surface  in  the  furnace. 

To  sum  up  these  different  considerations.  Fig.  8  has  been  pre- 
pared. It  shows  the  proportions  of  a  complete  furnace  system 
designed  according  to  the  new  rules. 
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HOUSE    CHIMNEYS 

For  the  system  to  perform  its  functions  properly,  a  chimney  that 
will  give  the  draft  necessary  for  complete  combustion,  must  be  pro- 
vided. While  this  part  of  a  building  is  entirely  in  the  hands  of  the 
architect  and  in  the  field  of  the  builder,  it  is  the  duty  of  the  designer 
of  the  heating  equipment  to  insist  that  a  chimney  of  adequate  pro- 
portions be  provided.  It  is  a  well-known  fact  that  there  is  no  other 
single  source  which  is  responsible  for  so  many  failures  in  heating 
as  that  of  defective  chimneys.  If  the  engineer  cannot  cure  this 
trouble,  then  the  custom  of  blaming  the  heating  apparatus  for  all 
ills  that  may  arise,  will  continue.  It  is  a  condition,  however,  that  can 
be  and  must  be  corrected. 

While  it  is  desirable  that  chimneys  be  at  least  40  ft.  high,  it  still 
remains  a  fact  that  homes  are  not  built  that  way.  The  usual  con- 
ditions met  with  in  practice  give  chimneys  of  from  25  ft.  to  45  ft. 
in  height  and  the  solution,  therefore,  must  be  found  by  the  adapta- 
tion of  this  condition.  Using  this  as  a  basis  and  relating  the  tax 
on  the  system  to  the  warm-air  pipe  area,  certain  values  have  been 
established.  These  values  are  given  as  chimney  sizes  for  furnace 
heating  systems,  as  in  Table  2.  Knowing  the  total  warm-air  pipe 
area,  it  is  then  an  easy  matter  to  select  a  chimney  flue  corresponding 

TABLE  2.      CHIMNEY  FLUE  SIZES  FOR  WARM-AIR  FURNACE   HOUSE 
HEATING  SYSTEMS 


Comm 

ercial  Flue  D 

imensions 

Chimney  Height 

Round  Flue 
in. 

7 

Brick  Flue 

Unlined 

in. 

8x  8 

Tile  Flue 
Lining 
in. 

81/2  X  81/^ 

25  ft.                  35  ft. 
Total  Square  Inches  of 
Pipe  Area. 

215                240 

45  ft. 
Warm  Air 

260 

8 

8x  8 

8y2x  81/2 

310 

350 

370 

9 

8x  8 

81/2x13 

425 

470 

500 

10 

8x12 

81/2x13 

550 

620 

660 

12 

8x12 

13    xl3 

870 

960 

1,040 

15 

12x16 

13    xl8 

1.480 

1,640 

1,780 

18 

16x16 

18    xlS 

2,230 

2,490 

2,690 

to  the  available  height,  whether  using  a  round  flue,  unlined  brick 
flue  or  tile  flue  lining.  It  should  be  remembered  that  round  flues 
are  listed  for  inside  diameter ;  brick  flues,  inside  measurements,  and 
tile  flue  lining,  outside  dimensions. 

In  presenting  the  new  rules  and  other  recommendations  in  this 
paper,  including  the  tabulation  giving  chimney  sizes,  the  point  in 
view  was  mainly  to  provide  discussion  that  should  go  far  toward 
the  advancement  of  warm-air  furnace  heating.  It  is  hoped  that  due 
deliberation  and  consideration  of  these  features  and  the  simplicity 
of  the  rules  will  commend  themselves  to  the  engineering  fraternitj 
for  their  wide  adoption. 
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DISCUSSION 

W.  E.  Pratt:  I  represent  a  manufacturer  of  warm  air  furnaces 
in  Rochester,  and  would  like  to  tell  about  what  some  manufacturers 
are  doing.  Every  furnace  that  we  put  on  the  market  is  given  an 
engineering  test  in  our  laboratory.  This  testing  station  is  some- 
what similar  to  the  station  that  was  in  Philadelphia  under  Dr. 
Colbert,  of  the  Federal  Furnace  League  a  few  years  ago. 

We  put  that  furnace  through  a  regular  engineering  test,  complete 
in  every  sense  of  the  word.  The  coal  is  analyzed,  the  efficiency  of 
the  furnace  is  accurately  determined,  the  flue  gases  are  analyzed, 
the  stack  losses  and  the  casing  losses  are  determined,  and  by  deter- 
mining all  those  factors  it  is  possible  for  us  to  get  the  information 
to  build  the  furnaces  with  the  highest  efficiency  for  the  purpose  they 
are  designed  for,  and  that  is  the  way  we  do  it. 

We  go  further  than  that  in  our  higher  class  furnaces ;  we  abso- 
lutely will  not  let  them  be  installed  unless  they  are  installed  in  a 
manner  that  will  give  the  highest  service  to  the  man  who  is  going 
to  use  them,  and  after  they  have  been  put  in,  we  try  to  follow  them 
all  up  and  see  that  they  are  being  operated  properly.  If  our  high 
grade  furnace  is  installed  in  a  manner  that  is  not  up  to  our  specifi- 
cations, we  take  steps  to  have  it  remedied,  and  I  will  say  that  if 
manufacturers  would  follow  along  those  lines  in  the  way  that  we 
are  trying;  give  accurate  ratings  to  their  furnaces  and  information 
to  the  contractors  and  dealers  who  put  them  in,  I  am  very  sure  the 
furnace  heating  business  would  be  improved. 

I  believe  this  is  the  tendency  of  all  manufacturers  today.  It  will 
be  noticed  in  the  ratings  given  on  furnaces  within  the  last  four 
years,  they  have  been  largely  changed  from  the  inaccurate  cubic 
capacity  ratings  to  the  square  inch  of  heat  pipe  rating,  and  they  con- 
nect up  a  great  many  of  them  by  means  of  figuring  the  heat  loss  of 
a  building;  it  can  be  figured  very  easily  into  square  inches  of  heat 
pipe  for  each  room  and  it  is  very  gratifying  to  me  to  be  able  to  say 
that  the  furnace  is  coming  into  its  own. 

Bert  C.  Davis  :  There  is  a  lot  more  than  furnace  design  in  the 
furnace  heating  business.  You  can  take  an  old  stove  and  if  you 
set  it  properly  as  regards  casing  and  piping  so  as  to  get  the  proper 
circulation  of  air,  you  might  have  a  pretty  good  heating  plant.  There 
isn't  any  question  of  doubt  but  that  a  furnace  properly  designed 
will  show  a  high  efficiency  and  will  doubtless  operate  at  as  high  or 
perhaps  higher  efficiency  than  an  ordinary  hot  water  or  steam  boiler. 
The  great  difficulty  that  I  see  in  the  furnace  business  is  that  neither 
the  manufacturers  nor  engineers  nor  anyone   else  has    found   out 
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exactly  the  best  way  to  install  a  furnace.  The  hot  water  radiator 
has  two  connections,  one  for  admitting  the  hot  water  to  the  radiator 
and  one  for  taking  cool  water  away — yet  we  attempt  to  heat  a  house 
by  warm  air  by  putting  one  inlet  pipe  into  a  room  and  providing  no 
way  for  the  air  to  get  out  of  the  room,  when  we  all  know  or  should 
know  that  the  air  is  the  vehicle  that  carries  the  heat  into  the  room 
and  if  we  cannot  get  the  cold  air  out,  we  cannot  get  the  warm  air  in. 

Often  pipes  are  too  small.  Very  few  furnaces  have  a  sufficient  air 
supply.  I  am  as  guilty  as  the  rest ;  I  have  put  in  air  supplies  that 
are  too  small.  We  should  have  an  ample  air  supply  to  the  furnace, 
and  ample  pipes  for  the  air  to  get  away  from  the  furnace. 

Another  thing  that  has  been  a  great  hobby  in  house  heating  work, 
is  that  we  take  our  air  all  from  the  outside.  I  will  confess  that  I  do 
not  see  the  need  of  it.  Then  for  return  air  to  a  furnace  we  will 
put  a  little  16  by  24  in.  register  in  the  hall  floor  and  the  pipe  so 
small  that  you  cannot  even  get  a  circulation  started  through  it. 
If  you  will  make  the  capacity  of  a  return  air  duct  125  per  cent  of 
the  capacity  of  the  pipes  that  go  away  from  the  furnace,  you  will 
easily  establish  circulation,  and  not  only  that,  but  do  the  work  and 
do  it  easily.  One  large  room  can  be  heated  with  what  is  called  a 
pipeless  furnace.  This  type  of  a  furnace  has  an  ample  return  air 
circulation  and  an  unobstructed  delivery  opening. 

Ever  since  mechanical  engineering  has  had  much  force,  there  has 
been  a  great  demand  for  steam  for  nearly  every  purpose,  by  manu- 
facturers and  enterprises  of  every  kind.  The  brightest  men  of  all 
the  years  have  spent  their  lives  in  developing  steam,  and  they  have 
secured  a  wonderful  lot  of  information,  and  this  information  is  now 
published  and  free  to  everybody  and  it  is  much  easier  for  engineers 
to  take  this  information  they  have  in  reference  to  steam  and  adapt 
it  to  heating  than  to  take  a  furnace  on  which  there  is  no  information 
and  dig  out  something  for  themselves. 

There  isn't  any  doubt  in  my  mind  that  the  furnace  industry  is 
bound  to  grow.  We  have  thought  of  a  furnace  as  something  cheap ; 
that  is  one  trouble  with  the  furnace  business,  it  has  been  made  too 
cheap. 

Mr.  Bernstead  :  Will  Mr.  Pratt  give  us  some  figures  from 
memory  as  to  the  exact  efficiencies  he  gets  out  of  the  tests  on  his 
furnace  ? 

W.  E.  Pratt  :  Taking  our  highest  grade  furnace,  operating  un- 
der normal  conditions  in  zero  weather,  it  is  transferred  back  to  those 
conditions — the  efficiencies  average  about  72  per  cent  under  the 
gravity  plan  of  heating.  When  we  make  what  you  might  call  a 
competitive  furnace,  we  set  an  efficiency  and  make  the  furnace  to 
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get  that  efficiency.  That  is  the  way  the  competitive  proposition  is 
designed.  We  have  got  to  have  that  kind  of  a  furnace  in  order  to 
do  business.  We  make  the  furnace  the  very  best  way  we  can.  For 
instance,  in  designing  our  latest  competitive  furnace,  over  a  year 
ago,  we  knew  of  reports  and  records  in  the  Federal  Furnace  League 
about  the  efficiencies  of  average  competitive  furnaces  which  were 
50  to  55  per  cent,  that  is  generally  speaking,  as  we  have  no  accurate 
figures,  and  we  set  55  per  cent  as  the  lowest  efficiency  we  would  be 
Willing  to  go  after  in  our  competitive  furnace.  We  made  the  furnace 
and  we  saw  where,  by  a  very  small  increase  in  the  expense,  the 
efficiency  could  be  materially  increased.  The  efficiency  of  that  fur- 
nace is  over  60  per  cent  now  in  the  larger  sizes,  and  the  smaller 
sizes  are  more  efficient  than  that. 

I  would  like  to  explain  how  we  give  our  ratings  on  our  furnaces. 
We  not  only  give  the  ratings  in  square  inches  of  hot  air  pipe  they 
can  supply,  but  we  give  the  cold  air  supply  that  it  is  to  be  connected 
up  with.  If  we  are  getting  air  from  inside  the  house,  which  we 
recommend,  we  so  state  that  the  square  inches  of  heat  pipes  are  to 
be  connected  up  with  this  type  of  cold  air  supply,  i.  e.,'  inside  air 
supply,  mixed,  or  outside  air  supply,  and  the  square  inches  of  heat 
pipe  rating  is  different  for  each  kind  of  cold  air  supply.  We  go 
further,  we  put  it  on  an  8  hour,  7  hour  and  6  hour  firing  period, 
so  the  man  who  puts  in  that  furnace  has  absolutely  no  excuse  for 
putting  it  in  under  conditions  that  will  nor  give  satisfaction. 

P.  J.  Dougherty  :  Since  we  have  disposed  of  the  Boiler  Testing 
Code,  why  shouldn't  the  Society  take  the  same  stand  with  regard 
to  a  warm  air  furnace  code?  Why  not  establish  a  Committee  on 
furnaces  on  the  same  line  which  the  Society  has  had  on  boilers, 
and  let  it  go  after  the  data  in  the  same  manner? 

The  President  :  I  would  like  to  have  discussion  on  that  matter. 
I  would  like  to  hear  what  the  furnace  men  think  of  it. 

Frank  K.  Chew:  One  of  the  great  troubles  we  have  had  has 
been  to  get  the  furnace  manufacturers  and  contractors  to  come  and 
talk  out  as  plain  as  they  have  today.  The  freedom  today  is  due  to 
the  fact  that  we  have  the  younger  men  who  are  getting  the  ex- 
perience and  some  who  have  gone  as  far  as  college  and  know  some- 
thing about  tabulating  their  experience. 

Mr.  Ehrlich  has  confined  himself  to  an  8  in.  pipe  with  a  3  x  10  in. 
riser.  They  do  not  use  the  8  in.  pipe  half  as  often  as  they  use 
the  10  in.  pipe  with  a  3  x  10  in.  riser,  which  increases  the  difficulties, 
and  when  they  make  the  thing  12  in.  wide,  they  use  a  12  in.  pipe 
with  an  area  of  113  in. 
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The  Fuel  Conservation  Committee  of  the  United  States,  if  it 
should  deal  as  drastically  with  this  method  of  heating  as  with  the 
food  and  coal  business,  would  compel  us  to  tear  out  that  wall  and 
make  it  deep  enough  for  a  6  x  12  in.  riser.  I  think  that  the  engi- 
neer of  the  past  has  not  pointed  out  what  we  are  bringing  out 
this  morning. 

W.  J.  Baldwin  :  I  would  like  to  ask  why  that  peculiar  style  of 
starting  piece  is  followed  by  both  furnace  men  and  steam  heating 
men,  a  rectangular  flue  with  a  cylinder  leader  going  into  it?  I  raise 
the  point  to  know  why  we  stick  to  it  and  why  we  cannot  get  away 
from  it.  I  might  answer  by  saying  the  construction  forces  us  to  it. 
At  the  same  time,  when  it  is  realized  that  there  is  probably  a  loss  in 
such  an  elbow,  due  to  friction,  equal  to  100  diameters  of  the  pipe, 
and  which  may  run  up  to  200  diameters  of  this  pipe,  I  want  to 
know  why  we  adhere  to  such  a  thing?  We  are  all  forced  into  it  for 
certain  reasons,  but  I  think  we  ought  to  get  away  from  it. 

The  President:  If  you  look  into  the  Transactions  of  three  or 
four  years  ago  you  will  probably  find  theoretical  reasons  why  it 
works. 

W.  J.  Baldwin:     Is  this  better  than  a  bell? 

The  President  :  I  do  not  believe  it  is.  But  it  should  be  re- 
membered that  the  effective  pressure  is  three  times  as  much  for  the 
second  floor  as  the  first  floor. 

M.  H.  Ressler  :  I  would  like  to  mention  a  few  practical  points 
on  engineering  of  furnace  installations  as  done  in  ordinary  residence 
work.  I  do  not  recall  seeing  many  rooms  where  a  3  x  10  in.  flue  is 
large  enough.  That  may  be  all  right  for  blackboard  sample  work, 
but  in  practical  engineering  and  installing,  I've  never  used  a  manu- 
factured flue ;  they  are  not  large  enough.  I  always  make  the  flue 
large  enough  to  carry  enough  warm  air  to  the  room  to  warm  the 
room. 

In  reference  to  that  boot  connection,  it  has  been  my  experience  to 
consume  probably  five  weeks  out  of  six  during  the  winter  season  in 
remodeling  furnace  plants  that  were  not  operating  successfully  and 
satisfactorily.  I  have  found  a  great  many  instances  where  chang- 
ing that  connection  from  8  in.  round  to  square,  by  cutting  off  the 
flue  at  the  floor  line  and  making  a  round  back  elbow  and  then  make 
a  transition  piece  between  that  round  back  and  the  round  flue,  mak- 
ing the  change  of  shape  to  reduce  friction  as  far  as  possible,  that 
has  eliminated  the  friction,  producing  connection  and  causing  that 
flue,  even  though  it  was  too  small,  to  work  probably  50  per  cent 
better. 

I  find  in  actual  experience,  that  the  greatest  mistake  in  flue  work 
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is  that  they  try  to  get  the  work  of  two  flues  out  of  one ;  in  other 
words,  I  could  show  hundreds  of  registers  where  the  free  opening 
or  free  air  of  the  register  is  65  in. ;  two  of  those  on  one  flue  make  a 
combined  area  register  of  130  in.  with  a  flue  area  of  30  in.  The 
30  in.  will  not  supply  130  in.  of  register  area,  hence  it  is  a  failure 
on  llie  part  of  the  furnace.  I  have  had  a  great  deal  of  experience 
in  remodeling  furnaces  where  I  have  found  500  or  600  in.,  sometimes 
TOO  in.  taken  ofif  the  top  of  the  furnace  and  150  or  250  in.  of  cold 
air  supply.  It  has  been  demonstrated  by  very  practical  experience 
that  200  or  250  will  not  supply  500  or  600  in. ;  therefore  in  many 
cases,  it  means  merely  giving  the  furnace  the  air  supply  that  is 
required  and  making  the  inside  air  supply  equal  to  or  in  excess 
of  the  area  of  the  heat  pipes  taken  ofif  the  top  of  the  register. 

In  my  practice  I  recommend  the  inside  air  circulation,  in  the  first 
place,  because  the  style  of  residence  in  which  we  work  mostly,  we 
find  enough  leakage  around  the  doors  and  windows  to  supply  an 
air  change  for  a  family  of  5  to  8  persons.  The  question  of  air 
change  is  not  as  necessary  as  it  is  to  raise  that  air  to  a  temperature 
for  comfortable  living.  I  find  by  using  inside  air  circulation  and 
making  the  inside  air  supply  to  the  base  of  the  furnace  equal  to  the 
combined  area  of  the  warm  air  pipes,  the  result  is  very  satisfactory 
and  economical  on  fuel,  but  the  engineering  of  the  installation,  is  in 
maufacturing  properly  proportioned  ducts  having  ample  warm  air 
pipes  and  the  cold  air  supply  so  as  to  produce  as  little  friction  as 
possible  to  circulate  the  air. 

I  cannot  refrain  from  mentioning  one  particular  instance  I  had 
this  last  fall  in  remodeling  a  furnace  plant,  concerning  which  just 
a  few  days  ago  the  owner  came  in  and  reported  that  it  was  the  first 
time  they  had  had  a  warm  house  in  twenty-five  years.  He  said 
they  did  not  use  the  full  capacity  of  the  furnace  and  that  it  was  a 
perfectly  satisfactory  installation.  I  only  mention  this  to  show  that 
if  the  engineering  of  the  installation  is  properly  done,  there  will  be 
no  question  about  the  results. 

The  President  :  I  would  like  to  ask  ]Mr.  Ehrlich  to  explain  what 
flue  temperatures  the  areas  of  flues  on  page  3  were  based  on  ? 

The  Author  :  The  basis  of  computation  in  this  is  straight  away 
on  the  specific  heat  of  air  and  takes  zero  as  incoming  and  140  deg. 
on  delivery  at  the  register. 

The  President  :  There  has  been  no  allowance  made  for  the  dis- 
tance of  the  room  from  the  furnace ;  a  room  directly  above  the 
furnace  has  been  treated  exactly  the  same  way  as  one  30  ft.  away. 

The  Author  :  That  is  correct,  but  as  furnace  design  and  prac- 
tice goes,  there  is  an  equidistant  spacing  in  all  designs,  and  that  is 
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a  modification  that  holds  true  in  steam,  hot  water  or  any  other  form 
of  design. 

The  President  :  In  the  heat  transmission  figures  there  has  been 
no  difference  made  between  zero  outside  and  10  deg.  above  or  below. 

The  Author  :  No ;  I  specified  zero  outside  and  70  deg.  indoors ; 
that  is  considered  standard  for  a  good  part  of  the  country. 

The  President  :    Would  you  vary  the  sizes  of  the  pipes,  etc.  ? 

The  Author  :  Yes ;  the  formulas  given  are  factors  for  a  con- 
dition of  zero  to  70  deg.  and  for  other  conditions,  other  formulas  or 
correction  factors  would  have  to  be  applied.  This  presentation  is  a 
suggestion  for  simple  methods  of  computation  for  general  furnace 
systems. 

I.  F.  Grumbein  :  One  of  the  principal  troubles  that  we  heating 
engineers  or  the  engineers  and  contractors  have  is  that  we  do  not  get 
the  job  until  after  the  architect  and  the  builder  have  spoiled  the  job. 
It  is  then  up  to  us  to  make  good,  and  we  cannot,  unless  we  rip  out 
the  side  walls  and  put  in  larger  flues.  The  installation  of  flues 
which  I  have  met  with  in  hundreds  of  cases  should  be  counted 
criminal  and  should  never  be  allowed.  The  heating  engineer  and 
contractor  would  be  justified  in  not  connecting  to  it,  but  our  experi- 
ence has  been  that  if  we  would  not  connect  to  it,  the  steam  fitter  is 
only  too  anxious  to  go  and  put  in  a  system  of  his  own.  There 
should  be  some  code  made  for  testing  heaters,  but  it  is  very  much 
more  important  to  make  a  building  code  by  which  buildings  will  be 
erected,  especially  in  the  cities,  so  that  it  will  become  possible  for  us 
to  do  a  good  job. 

Frank  K.  Chew  :  Several  years  ago  I  sent  to  the  Midland  Club, 
composed  of  furnace  men,  a  paper  on  the  need  of  a  code  for  furnace 
installation,  and  when  the  best  men  worked  on  a  code,  they  said 
that  the  code  in  any  city  should  provide  that  the  width  of  the  riser 
should  never  be  more  than  2^  times  the  depth.  But  there  was  so 
much  objection  on  the  part  of  the  membership  who  made  both 
furnaces  and  these  risers  that  they  changed  that  code  so  that  the 
width  of  a  riser  shall  never  be  more  than  3  times  the  depth.  Yet  the 
men  who  worked  on  that  code  are  in  favor  that  the  width  shall  be 
never  more  than  twice  the  depth,  and  that  is  the  provision  in  a  ten- 
tative code  that  has  been  adopted  by  the  National  Warm  Air  Heat- 
ing and  Ventilating  Association.  It  covers  many  things,  but  the 
best  thing  in  the  code  they  rejected  and  they  took  in  its  place  a 
makeshift. 

J.  I.  Lyi  E :  I  move  that  the  Council  of  the  Society  be  empowered 
to  appoint  a  Committee  to  formulate  a  Code  for  Testing  Furnaces 
and  if  necessary,  a  second  Committee  to  formulate  a  Code  for  the 
Installation  of  Warm  Air  Flues  for  furnace  heating. 

The  motion  was  seconded  and  carried.  , 


No.  481 

ANSWERING  FUEL  NEEDS  WITH  A  NEW 
HEATING  SYSTEM 

By  Geo.  S.  Barrows/  Providenxe,  R.  I. 
Non- Member 

A  STUDY  of  the  literature  of  buildinsf  heatin^^  seems  to  indi- 
cate that  those  who  have  been  interested  or  employed  in  the 
solution  of  heating  problems  or  the  construction  or  installa- 
tion of  heating  equipment  generally  have  devoted  their  energy  to: 
first,  improving  the  distribution  of  the  heating  medium;  second, 
the  utilization  of  the  heat  from  the  medium ;  third,  the  combining  of 
heating  and  ventilating  which  is  proper  because  of  their  inter- 
relation. This  appears  true  no  matter  whether  the  heating  medium 
be  hot  air,  hot  water  or  steam. 

Very  little  attention  has  been  given  to  the  fuel  problem  except  by 
the  manufacturers  of  the  appliances  in  which  the  fuel  is  consumed, 
and  their  endeavors  have  been  principally  to  increase  the  efficiency 
or  convenience  of  their  particular  apparatus  with  the  old  and  well 
known  fuels  rather  than  to  develop  the  utilization  of  a  new  fuel. 
Much  study  has  been  made  of  fuels,  but  by  students  of  combustion 
rather  than  by  students  of  heating.  This  is  a  perfectly  logical  devel- 
opment proceeding,  as  it  does,  along  the  line  of  least  resistance,  for 
a  new  fuel  would  not  only  involve  fuel  difficulties  to  be  overcome 
but  would  present  heat  distribution  problems  similar  in  character  to 
those  of  the  appliances  burning  the  old  fuel  which  almost  invariably 
was  coal  or  in  certain  localities,  natural  gas.  A  practical  heating 
system  employing  manufactured  gas  but  equally  satisfactory  for 
natural  gas  is,  therefore,  sufficiently  novel  to  be  worthy  of  careful 
consideration. 

When  first  distributed,  natural  gas  was  so  plentiful  and  cheap  that 
it  was  burned  as  a  substitute  for  coal  in  any  make-shift  burner  in 
the  heaters  already  in  use.     Natural  gas  was  often  piped  through 
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lines  many  miles  long  and  under  high  pressures  so  that  breaks  in  the 
lines  occurred  from  time  to  time.  Except  under  particularly  favor- 
able conditions,  the  normal  supply  could  not  be  augmented  during 
cold  snaps  or  at  times  of  similar  suddenly  increased  demand.  In- 
creased consumption  without  increased  supply  caused  such  reduc- 
tion in  distribution  pressures  that  the  supply  was  inadequate.  Short- 
ages of  the  supply  from  one  source  or  another  were  so  frequent  that 
users  preferred  an  inefficient  appliance  in  which  another  fuel  could 
be  readily  substituted,  to  the  more  efficient  appliance  designed  solely 
for  gaseous  fuel.  This  choice  was  the  more  natural  because  the 
gas  was  usually  sold  at  a  rate  so  low  that  it  cost  no  more  than 
coal  even  when  burned  inefficiently  in  coal  heaters. 

As  nearby  gas  fields  became  exhausted  and  the  price  of  gas  was 
raised  to  meet  the  increased  cost  of  production  and  distribution, 
appliances  designed  for  gas  fuel  became  more  common.  Unfortu- 
nately, however,  before  their  development  had  passed  much  beyond 
the  experimental  stage,  the  failures  of  adequate  supply  became  so 
frequent  that  natural  gas  companies  themselves  recommended  to 
their  consumers  that  they  install  only  heating  appliances  in  which 
.solid  fuel  could  be  used  when  necessary.  This  condition,  of  course, 
effectually  put  a  stop  to  the  further  development  of  heaters  using 
natural  gas  as  the  sole  fuel. 

For  many  years  manufactured  gas  has  been  used  widely  as  fuel 
for  intermittent  or  auxiliary  heat  by  means  of  small  portable  heat- 
ers which  might  be  moved  from  room  to  room  as  desired,  the  con- 
nections with  the  house  gas  pipes  usually  being  by  means  of  rubber 
or  similar  flexible  tubing.  Frequently  when  the  heater  was  to  be 
left  in  one  place  at  all  times,  a  solid  iron  pipe  connection  was  used, 
hut  except  in  case  of  gas  logs  or  fireplace  heaters,  appliances  when 
so  connected  permanently  were  generally  of  the  portable  type.  At 
first  these  heaters  were  used  in  rooms  where  the  regular  heating 
system  was  insufficient,  either  during  the  entire  heating  season  or 
at  times  of  unusual  cold,  or  because  a  temperature  above  the  normal 
was  demanded.  At  times  some  consumer  would  depend  on  such 
equipment  solely  for  heat,  or  would,  perhaps,  install  a  central  heater 
using  gas  only  as  fuel,  but  such  cases  were  sporadic  and  due  to  some 
local  or  personal  condition. 

While  gas  companies  as  a  class  recognized  the  increase  in  gas 
sales  due  to  these  many  small  appliances  and  the  further  increase 
that  would  come  with  a  more  general  use  of  gas  for  heating  pur- 
poses, they  naturally  pushed  that  side  of  their  business  which  would 
give  them  the  best  load  factor  and  which  would  come  to  them  with 
the  least  effort.    All  season  or  general  house  heating  does  not  give 
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an  ideal  load  factor  as  it  makes  a  heavy  demand  on  both  production 
and  distribution  and  produces  revenue  only  during  a  part  of  the 
year.  Even  where  gas  rates  are  most  favorable,  the  fuel  cost  is 
usually  higher  than  coal  and  a  more  or  less  expensive  educational 
campaign  is  needed  to  induce  people  to  see  the  benefits  of  the 
apparently  more  expensive  fuel.  Then,  too,  the  gas  appliances 
available  have  not  been  entirely  satisfactory  for  general  use. 

These  reasons  are  sufficient  to  explain  the  tardy  acceptance  of 
gas  for  general  heating  of  buildings,  but  in  spite  of  them,  due 
largely  to  the  energy  of  a  few  manufacturers  of  heaters,  it  has 
extended  at  a  gradually  increasing  rate  and  now  is  no  longer  uncom- 
mon in  those  localities,  or  for  those  buildings  for  which  the  appli- 
ances now  on  the  market  are  suitable. 

About  1909,  Alcorn  Rector,  while  experimenting  with  incan- 
descent mantle  gas  lamps,  particularly  with  the  view  of  increasing 
the  quantity  or  intensity  of  the  light  as  well  as  the  efficiency  of  the 
lamp,  adopted  the  exhaust  instead  of  the  pressure  method  for  aug- 
menting the  proportion  of  primary  air  in  his  atmospheric  burners. 
Keen  and  observant,  he  immediately  saw  that  the  heat  of  the  prod- 
ucts of  combustion  in  the  exhaust  pipe  might  be  utilized  in  a 
radiator  for  room  or  space  heating.  Tests  soon  showed  *him  that 
with  properly  designed  radiation,  the  system  would  show  an  effi- 
ciency unknown  till  then  and  that  beyond  this  gain,  some  most 
desirable  features  of  ventilation,  valve  operation  and  temperature 
control  would  be  possible. 

For  several  years  Mr.  Rector  struggled  with  those  obstacles 
usually  met  with  by  the  inventor  of  moderate  means,  constantly 
improving  his  system  by  the  slow  and  unsatisfactory  means  of  fault 
elimination  in  commercial  installations,  until  about  two  years  ago 
he  formed  a  connection  with  a  well  known  company  with  manu- 
facturing and  commercial  facilities  to  properly  build,  sell  and  install 
the  system.  The  faults  of  the  heating  units  and  their  parts  have 
been  overcome  and  improvements  made  in  them,  units  of  several 
sizes  have  been  designed,  and  specifications  drawn  up  for  the  in- 
stallation of  the  radiation,  piping,  exhaust  fan,  etc.,  for  a  system 
of  heating  primarily  adapted  for  the  heating  of  a  building  or  one 
large  section  of  a  building,  although  it  is  perfectly  practical  to 
install  a  single  radiator. 

The  Rector  system  is  a  distinct  departure  from  any  previous 
plan  of  heating.  Its  basic  principle  is  the  generation  of  heat 
at  the  exact  point  where  heat  is  needed,  and  at  the  exact  time 
when  heat  is  wanted,  with  the  added  feature  of  positive  ventilation. 
The  ventilation,  though  positive,  is  not,  however,  to  be  considered 
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as  sufficient  in  quantity  to  meet  the  requirements  of  the  usual 
building  laws  for  auditoriums.  It  is  sufficient,  however,  to  make 
the  atmosphere  of  the  ordinary  living  room  noticeably  more  satis- 
factory. 

It  is  obvious  that  the  cost  of  artificial  gas  demands  that  any 
apparatus  devised  to  utilize  it  as  a  fuel  should  positively  provide 
for:  (1)  perfect  combustion,  (2)  complete  utilization  of  its  heat, 
and  (3)  proper  ventilation.  The  accomplishment  of  these  three 
ends  is  a  primary  requisite  and  any  apparatus  which  does  not 
achieve  these  results  will  not  be  largely  successful  in  broadening 
the  use  of  gas  as  a  heating  agent.  Further  than  this,  any  such 
apparatus  should  provide  so  easy  a  fuel  supply  control  that  the 
fuel  may  be  shut  ofif  and  its  expense  eliminated  almost  at  the 
instant  that  a  room  or  group  of  rooms  becomes  properly  heated, 
or  their  occupancy  has  ceased. 

Elementally,  the  G.  F.  E.  Rector  system  is  a  hot  air  system,  heat 
being  obtained  by  passing  the  hot  products  of  combustion  from  the 
gas  burner  through  the  various  sections  of  a  metal  radiator.  The 
design  of  the  burner  box  and  the  radiation  are  such  that  practically 
all  of  the  heat  from  the  products  of  combustion  is  radiated  into  the 
room  before  the  products  are  exhausted  from  the  radiator.  Where 
thermostatic  control  is  provided,  the  fuel  supply  is  operated,  not 
by  chance,  but  by  the  temperature  of  the  room  itself. 

In  most  gas  radiators,  the  products  of  combustion  leave  the 
radiator  at  a  very  high  temperature  and,  when  a  flue  is  provided, 
pass  through  it  to  the  outside  air  still  containing  a  great  deal  of 
heat  which  should  be  given  up  in  the  room  if  fuel  waste  is  to  be 
eliminated.  When  the  appliance  is  not  provided  with  a  flue,  all 
of  the  heat  from  the  gas  is,  of  course,  available  for  heating  the 
room,  but  as  this  heat  is  largely  heat  of  convection  in  the  products 
of  combustion  its  actual  effect  on  the  comfort  of  the  occupants  of 
the  room  is  not  as  satisfactory  as  might  be  supposed. 

Broadly,  the  Rector  system  as  it  is  installed,  is  similar  in  arrange- 
ment to  the  two-pipe  steam  heating  system,  each  room  being  equipped 
with  the  number  of  radiators  necessary  to  suitably  heat  it.  Each 
radiator  has  its  own  individual  valve  so  that  it  is  a  complete  heating 
unit.  All  of  the  radiators,  however,  are  connected  together  into 
one  vacuum  system  and  the  products  of  combustion,  after  their 
heat  has  been  radiated  into  the  room,  are  drawn  through  this 
vacuum  piping  and  expelled  out-of-doors  by  the  agency  of  a  small 
motor-driven  suction  fan. 

For  the  details  of  the  G.  F.  E.  Rector  system,  reference  may  be 
had  to  Fig.  1,  which  illustrates  it  diagrammatically.     Sub-division 
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I  shows  the  details  of  the  basement  arrangement  from  which  it 
will  be  readily  seen  that  none  of  the  apparatus  takes  np  any  large 
amount  of   space,   thus  leaving  the   cellar   entirely   free   for   other 


Overflow  from  Drip  Ues 

FIG.    1.      DIAGRAMMATIC   ILLUSTRATION   OF   THE   RECTOR   SYSTEM   OF    GAS 

HEATING. 


uses.  The  most  important  part  of  the  basement  equipment  is  the 
fan,  which  is  interposed  at  any  convenient  point  in  the  vacuum  line 
of  pipe  and  unless  other  power  is  available  this  fan  is  driven  by  a 
small  direct-connected  electric  motor.     When  the  fan  is  running 
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air  is  drawn  through  all  radiators  as  each  radiator  is  connected  to 
the  vacuum  system  by  the  tee  between  the  bottom  sections.  It  is 
through  this  system  of  vacuum  pipe  that  all  products  of  combustion 
are  removed  from  the  radiators  and  expelled  out  of  doors  through 
the  flue  as  shown. 

Several  drip  legs  are  necessary  because  one  of  the  products  of 
gas  combustion  is  water  vapor  and  these  drip  legs  are  provided 
to  remove  this  water  and  other  sediment  from  the  vacuum  piping, 
so  that  they  will  not  accumulate  and  break  the  vacuum. 

The  gas  piping  which  supplies  the  radiator  starts  from  the  house 
side  of  the  gas  meter,  connections  being  made  to  each  radiator  at 
V  in  the  automatic  radiator  valve.  Fig.  7.  A  shut-off  is  installed 
in  each  radiator  connection  so  that  the  entire  radiator  may  be 
removed  from  the  system  without  affecting  the  balance  of  the  heat- 
ing plant.  The  gas  pressure  regulator  shown  may,  where  neces- 
sary, be  installed  in  the  gas  pipe  near  the  meter  and  it  maintains 
a  constant  gas  pressure  at  all  times  regardless  of  the  pressure 
fluctuations  in  the  city  gas  main. 

Sub-division  II  shows  an  end  view  of  a  radiator  illustrating  how 
the  automatic  gas  valve  is  connected  to  the  burner  box  of  the  radia- 
tor. Here  will  be  noticed  the  thermostat  wiring  between  the  ther- 
mostat on  the  wall  and  the  automatic  gas  valve  of  the  radiator. 
This  thermostat  automatically  controls  the  room  temperature  by 
means  of  a  solenoid  attached  to  the  automatic  radiator  valve,  the 
gas  being  turned  on  when  the  room  temperature  is  lower  than  the 
temperature  indicated  on  the  thermostat  dial  and  off  when  the  room 
temperature  is  higher  than  the  temperature  indicated.  The  ther- 
mostat circuits  are  operated  at  a  low  voltage  (10  to  14  volts). 

Sub-division  III  shows  a  part  section  through  the  individual 
radiator.  When  the  gas  cock  is  opened,  a  very  small  part  of  the 
gas  admitted  feeds  directly  into  the  little  pilot  in  the  burner  box. 
The  pilot  is  lighted  by  opening  the  burner  box  door  and  inserting 
a  match  just  as  any  ordinary  gas  burner  would  be  lighted.  '  The 
pilot  light  gives  off  a  very  small  amount  of  heat  and  consumes  a 
nominal  amount  of  gas.  Once  it  is  lighted,  therefore,  it  is  usually 
left  burning  throughout  the  entire  heating  season.  Its  sole  purpose 
is  to  ignite  the  gas  in  the  main  burnei-  when  it  is  admitted  by  the 
operation  of  the  automatic  gas  valve. 

In  Sub-divJsion  V  a  cross  section  of  the  radiator  is  diagram- 
matically  shown  illustrating  the  violet  flame  in  the  burner.  The 
little  arrows  show  how  the  products  of  combustion  and  all  the 
heated  gases  are  circulated  through  the  radiator  until  practically  all 
of  their  heat  has  been  delivered  into  the  room.     After  the  gases 
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have  been  cooled  practically  to  room  temperature,  they  are  drawn 
into  the  exhaust  as  shown  by  the  arrows,  taken  through  the  vacuum 
system  and  expelled  out  of  doors  through  the  flue. 

Fig.  2  shows  the  G.  F.  E.  Rector  radiator  which  is  similar  to 
the  common  direct  hot  water  or  steam  type  radiator  with  the  central 
sections  removed  and  the  gas  combustion  chamber  A  inserted  in 
their  place.  This  combustion  chamber  is  connected  to  the  top  of 
the  radiator  sections  only.  The  tee  B  of  the  same  width  as  the  com- 
bustion chamber  is  inserted  in  the  bottom  sections  to  couple  them 
together  and  provide  a  connection  to  the  vacuum  system.     Heat  is 


WW] 


FIG. 


A  TYPICAL  RECTOR  GAS  RADIATOR  SHOWING  LOCATION  OF 
COMBUSTION   CHAMBER. 


generated  by  burning  gas  in  the  combustion  chamber  of  the  radiator 
and  by  means  of  the  suction  fan,  the  hot  products  of  combustion 
are  drawn  throughout  all  sections  of  the  radiator  which  is  so  pro- 
portioned that  by  the  time  they  reach  the  exhaust  pipe  they  have 
given  up  practically  all  of  their  heat. 

Further  details  of  the  combustion  chamber  are  shown  in  Fig.  3 
which  is  a  sectional  view  of  the  lower  part  of  the  burner  box  A 
in  the  front  of  which  is  the  door  C  for  access  to  the  burners,  etc. 
This  door  is  provided  wuth  a  mica  window  D  so  that  the  flame  may 
be  observed  without  opening  the  door. 

In  the  back  of  the  box  is  an  air  inlet  E  provided  with  a  flap. 
This  flap  is  so  constructed  that  it  hangs  open  except  when  the  fan 
is  running  and  through  it  air  is  supplied  to  the  pilot  flame.     When 
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the  fan  is  in  operation  the  suction  pulls  the  flap  to  its  seat,  thus 
preventing  any  admission  of  air  except  through  the  burners.  A 
similar  flap  is  placed  at  the  top  of  the  burner  box  to  permit  the 
escape  of  the  products  of  combustion  from  the  small  pilot  burner 
when  the  fan  is  not  in  operation. 

Fig.  3  also  shows  the  position  of  the  main  and  pilot  burners  in 
the  burner  box  or  combustion  chamber.  Through  an  opening  in 
the  bottom  of  the  burner  box  the  mixing  "tube  C"  projects  and  is 
fastened  in  place  by  the  valve  flange  nut  D".  The  lower  end  of  the 
mixing  tube  is  attached  to  the  automatic  valve  body  (at  K  Fig.  4) 
by  stud  bolts.     The  main  .burner  E"  fits  loosely  on  the  upper  end 
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FIG.  3.     SECTIONAL  VIEW  OF  LOWER  TART  OF  BURNER  BOX. 


of  the  mixing  tube  and  consists  of  a  body  of  cast  brass  with  alternate 
strips  of  plain  and  corrugated  brass  held  in  the  body  by  brass  end 
clamps.  The  burner  orifices  are  formed  by  the  spaces  between  the 
plain  and  corrugated  strips  which  are  so  designed  that  they  effec- 
tually prevent  "flashing  back"  and  at  the  same  time  readily  permit 
cleaning,  if  necessary. 

The  pilot  burner  is  the  result  of  long  and  careful  experiment  under 
all  conditions  and  consists  of  several  parts  so  designed  as  to  be 
simple  and  rugged.  A  nipple  or  tube  of  iron  pipe  G"  screws  into 
the  bottom  of  the  burner  box.  On  top  of  this  tube  is  the  pilot  body 
H"  which  serves  as  a  shield  for  the  pilot  flame  which  burns  from 
the  end  of  the  pilot  tube  J".  In  the  lower  end  of  the  nipple  is  a 
plug  K"  with  two  holes  which  serve  as  gas  and  air  passages.     The 
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pilot  tube  enters  the  top  of  the  gas  passage  and  the  pilot  connecting 
tube  (shown  at  L",  Fig.  2)  enters  the  bottom.  The  upper  end  of 
the  air  passage  is  open  and  the  lower  end  receives  the  air  connecting 
tube  (M",  Fig.  2).  In  this  passage  is  an  air  regulating  screw  N". 
These  connecting  tubes  are  attached  to  the  gas  control  body  U'  and 
the  interior  of  the  automatic  valve  body  F  (Fig.  7)  by  slip  joints 
at  their  lower  ends.  The  gas.  for  the  pilot  is  regulated  by  the  pilot 
screw  Z'  (Fig.  7)  and  the  air  needed  by  the  pilot  for  perfect  com- 
bvistion  is  regulated  by  the  screw  N". 

The  present  automatic  gas  valve  of  the  G.  F.  E.  Rector  system  is 
so  radically  different  from  any  other  valve  previously  used  for  this 


FIG.    4.      SECTIONAL    VIEW    OF    THE    VALVE    SHOWIXG    OPERATING 

DIAPHRAGM. 


purpose  that  a  somewhat  detailed  description  of  it  is  warranted. 
The  functions  of  this  valve  have  already  been  indicated  and  Figs. 
4,  5,  6,  and  7  show  in  section  its  operating  mechanism. 

The  valve  consists  of  the  body  F,  Fig.  4,  made  from  a  special 
mixture  of  cast  iron,  which  contains  the  gas  inlet  G,  the  air  inlet 
H,  and  the  gas  and  air  mixing  chamber  J.  The  mixing  chamber  J 
is  connected  to  the  gas  burner  by.  means  of  stud  bolts  at  the  ground 
surface  K.  Axially  supported  in  the  body  is  the  valve  tube  L.  The 
valve  proper  consists  of  the  bronze  ball  M,  with  its  stem  N,  and 
weight  O.  The  ball  valve  M  seats  on  the  upper  end  of  the  tube  T, 
and  normally  is  kept  closed  by  the  weight  of  M,  N  and  O. 

Also  axially  supported  from  the  body  is  the  corrugated  bronze 
diaphragm  P  to  which  is  soldered  the  diaphragm  spud  Q.  On  the 
lower  part   of   the    diaphragm   is    soldered   the   boss   R,   which    is 
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threaded  to  receive  the  diaphragm  spindle  S.  This  spindle  also 
carries  the  diaphragm  weight  T.  The  diaphragm  is  enclosed  in 
the  diaphragm  case  U,  which  is  made  in  two  parts.  The  position 
of  the  diaphragm  case  in  relation  to  the  body  is  maintained  by 
means  of  the  diaphragm  spud  nut  V. 

The  quantity  of  air  admitted  through  the  air  inlet  H  is  con- 
trolled by  means  of  the  brass  air  regulator  W,  which  is  held  in 
place  by  means  of  a  screw,  threaded  into  a  bridge  of  the  valve 
body.  The  air  strainer  X  is  a  finely  perforated  brass  screen,  which 
is  attached  to  the  valve  body  by  screws  and  which  may  be  removed 
for  cleaning  or  for  inspection  of  the  valve.  On  top  of  the  valve 
body  is  the  cast  iron  valve  cap  Y  which  makes  a  gas  tight  chamber 
around  the  ball  valve. 


FIG.    5. 


CONTROL    DETAIL    OF    VALVE   FOR    CLOSING    OFF    THE    RADIATOR 
INDEPENDENT   OF   OTHERS   ON    SYSTEM. 


In  Fig.  4,  the  parts  are  shown  in  the  normal  position,  the  gas 
valve  being  closed  and  the  ball  resting  on  its  seat.  As  soon  as  the 
exhaust  fan  starts  there  is  a  vacuum  or  negative  pressure  created 
throughout  the  exhaust  piping,  the  radiators  and  down  through  the 
burner  into  the  mixing  chamber  J.  This  negative  pressure  extends 
down  through  the  diaphragm  spud  nut  Q  and  inside  of  the  dia- 
phragm P.  As  the  outside  of  the  diaphragm  is  subject  to  atmos- 
plieric  pressure  which  enters  through  the  hole  Z,  in  the  bottom 
of  the  diaphragm  case  U,  the  lower  part  of  the  diaphragm  moves 
upwards  raising  the  diaphragm  spindle  S  so  that  it  comes  in  contact 
with  the  valve  weight  O,  lifting  the  ball  valve  M  from  its  seat  and 
allowing  gas  to  pass  from  the  gas  inlet  G  down  through  the  interior 
of  the  valve  tube  L  and  out  through  the  holes  A  into  the  mixing 
chamber  J.  Simultaneously  air  is  drawn  in  through  the  air  inlet 
H  and  the  interior  of  the  valve  body  to  the  mixing  chamber  J. 
Here  it  mixes  with  the  gas  which  has  already  entered  and  the 
mixture  passes  to  the  burner. 
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If  the  exhaust  ceases  there  is  nothing  to  hold  the  lower  part  of 
the  diaphragm  in  its  raised  position  and  the  counteracting  weight 
T  causes  the  diaphragm  to  move  back  to  its  normal  position,  per- 
mitting the  weight  O  to  pull  the  diaphragm  valve  M  securely 
against  its  seat  thus  shutting  ofif  the  gas. 

Fig.  5  illustrates  the  control  of  several  radiators  on  the  same  line 
when  it  is  desirable  to  close  one  of  them  while  the  exhaust  is  still 
operating.  In  the  valve  body  F  there  is  a  passage  B'  from  which 
lead  two  other  passages,  the  first  C  giving  direct  connection  with 
the  atmosphere  at  a  point  just  above  the  diaphragm  case  U  but 
inside    of    the    screen    X. 


FIG.  6.     MECHANISM     OF     THE     V.ALVE     FOR    ALTERING     FROM     HAND    TO 
MAGNETIC  CONTROL. 


The  second  passage  D'  gives  communication  from  the  passage  B' 
to  the  opening  E'  in  the  diaphragm  spud  Q.  A  plug  valve  F'  is 
provided  in  the  passage  B'  which  normally  closes  communication 
between  the  passages  C  and  D'.  When  one  radiator  is  not  to  be 
operated  the  plug  valve  is  turned  so  that  there  will  be  communica- 
tion through  the  passages  C  and  D'  and  the  opening  E'  through 
the  spud  Q  to  the  interior  of  the  diaphragm  P.  Consequently  atmos- 
pheric pressure  is  exerted  both  on  the  inside  and  the  outside  of 
the  diaphragm.  Therefore  there  will  be  no  tendency  for  the  lower 
7arl  of  the  diaphragm  to  rise  and  the  gas  valve  will  remain  closed. 
This  plug  valve  may  be  controlled  either  by  hand  or  by  a  thermo- 
stat, as  later  described. 

The  constant  inflow  of  air  through  the  valve  when  the  blower 
is  in  operation  might  cause  dust  to  collect  in  the  valve  passages  and 
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the  purpose  of  the  screen  X  (Fig.  4)  is  to  prevent  this,  all  of  the 
air  entering  any  part  of  the  apparatus  being  drawn  through  this 
screen,  which  is  easily  cleaned  without  removal,  although  easy  re- 
moval is  provided  for. 

While  a  simple  plug  valve  may  be  used  at  F',  Fig.  5,  experience 
has  shown  the  desirability  of  a  control  which  is  more  universal  in 
character.  This  is  illustrated  in  Fig.  6.  The  valve  body  G'  has  a 
base  for  holding  a  solenoid  at  the  back  and  threaded  in  front  for 
the  cap  nut  H'.  In  the  valve  body  are  two  annular  channels  J'  and 
K',  communicating  respectively  with  the  passages  C  and  D',  and 
the  axial  passage  into^  which  fits  the  sleeve  L'  a  thin  cylinder  opens 
at  the  back  and  carrying  at  the  front  the  handle  M'  fastened  to  the 
sleeve  by  means  of  a  screw.  Communication  between  the  channels 
J'  and  K'  is  obtained  by  the  holes  N',  O'  and  P' — when  the  sleeve 
L'  is  turned  to  certain  positions.  R'  is  a  cylindrical  plunger  actuated 
by  the  armature  of  the  solenoid.  A  dial  or  indicator  plate  S'  shows 
the  various  operating  positions  of  the  parts. 

When  magnet  control  is  to  be  employed  the  handle  M'  is  turned 
to  the  position  shown  bringing  the  hole  N'  so  that  there  is,  at  all 
times,  communication  between  the  atmosphere  through  the  passage 
C  and  the  interior  of  the  sleeve.  With  the  plunger  R'  in  the  posi- 
tion shown  the  passage  P'  is  closed  so  that  the  diaphragm  is  only 
subject  to  the  pressure  caused  by  the  fan.  If  the  armature  of  the 
solenoid  is  moved  to  the  left  (in  the  illustration)  it  will  pull  the 
plunger  to  the  left  uncovering  the  hole  P'  permitting  atmospheric 
pressure  to  pass  from  the  interior  of  the  screen  X  through  C,  N', 
P'  and  D'  to  the  interior  of  the  diaphragm  so  that  the  latter  is  not 
affected  by  the  suction  of  the  fan.  The  magnet,  therefore,  does  not 
directly  operate  the  valve,  but  simply  controls  the  air  passages, 
breaking  the  vacuum,  thus  allowing  the  valve  to  close. 

When  hand  control  is  desired  the  solenoid  is  dispensed  with,  the 
hole  in  the  back  of  the  body  being  plugged.  Control  of  the  vacuum 
is  then  obtained  by  revolving  the  sleeve  L'  by  means  of  the  handle 
M'  to  a  position  as  indicated  on  the  dial  plate.  By  this  means  com- 
munication between  the  holes  N'  and  O'  is  opened  or  closed  and  the 
diaphragm  is  affected  as  in  the  case  of  magnet  control. 

If  simultaneous  magnetic  and  hand  control  is  desired  the  parts 
are  left  as  shown  in  Fig.  G  when  either  the  plunger  R'  is  moved 
by  the  solenoid  or  the  sleeve  L'  is  turned  by  hand,  but  in  this  case 
the  handle  M'  must  be  put  in  the  position  MAG  when  the  magnet 
is  to  operate.  Current  to  the  solenoid  may  be  controlled  by  means 
of  a  switch  or  thermostat. 
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Fig.  7  shows  the  details  of  the  gas  control.  On  the  valve  body 
F  is  a  boss  T'  into  which  is  screwed  the  brass  gas  and  pilot  body 
U',  which  is  tapped  for  the  gas  connection  at  V.  In  the  front  of 
the  body  U'  are  two  passages  W  and  X',  W  for  the  gas  to  the  main 
burner,  the  quantity  of  gas  being  controlled  by  means  of  the  screw 
Y',  which  is  made  gas  tight  by  means  of  the  stuffing  nut  A"  and  a 
gasket.  The  pilot  screw  Z'  for  regulating  the  gas  to  the  pilot  burner 
is  placed  in  the  passage  X',  and  held  in  adjustment  by  means  of  a 
spring. 

Ready  accessibility  to  all  parts  is  obtained  by  removing  the  air 
screen  X,  the  valve  body  cap  Y  and  the  valve  tube  nut  B",  Fig.  4. 
When  these  are  removed  all  of  the  working  parts  of  the  valve,  with 
the  diaphragm,  may  be  removed  as  a  unit.  The  diaphragm  may 
be  examined  or  adjusted  by  opening  the  diaphragm  case  by  remov- 
ing the  screws  which  hold  the  two  parts  together. 


FIG.  7.  DETAILS  OF  THE  GAS  CONTROL  MECHANISM. 


As  the  temperature  of  the  burner  box  is  somewhat  higher  than 
in  the  common  steam  or  hot  water  radiator  it  is  at  times  desirable 
to  provide  a  guard  to  prevent  contact  with  the  hot  parts  of  the 
radiator.  There  are  many  satisfactory  kinds  of  such  guards  but 
one  has  been  adopted  as  a  standard  with  which  all  radiators  are 
equipped,  unless  some  other  is  specified.  This  guard  is  of  heavy 
sheet  steel  perforated  in  a  diamond  pattern  and  consists  of  two 
parts :  the  guard,  or  top,  curved  to  conform  to  the  top  of  the 
radiator  and  the  apron  which  depends  from  the  guard  and  protects, 
not  only  the  burner  box  but  the  valve  and  other  working  parts. 

The  guard  is  rigidly  attached  to  the  radiator  by  brackets  which 
screw  into  the  tapped  holes  in  the  tops  of  the  sections  and  the  apron 
is  so  attached  to  the  guard  that  it  may  be  easily  swung  aside  to 
give  access  to  the  burner  box  or  valve.  The  guard  also  carries  a 
protecting  shield  above  and  behind  the  radiator,  the  shield  being 
designed  to  increase  materially  the  circulation  of  air  over  the  hottest 
part  of  the  radiator. 
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From  this  description  it  will  be  evident  that  there  are  several 
distinct  and  desirable  heating  conveniences  with  the  G.  F.  E.  Rector 
gas  heating  system : 

1.  It  gives  exactly  the  amount  of  heat  just  when  and  where  wanted ; 

2.  It  gives  nearly  100  per  cent  heating  value  from  the  fuel  used ; 

3.  When  equipped  with  thermostatic  control  it  gives  an  even,  non- 
fluctuating  temperature,  no  matter  how  sharp  and  sudden  the 
outside  temperature  changes ; 

4.  It  requires  the  minimum  of  attention  and,  aside  from  minor 
adjustments  in  its  mechanism,  can  be  run  as  readily  by  a  woman 
as  by  a  man ; 

5.  It  is  absolutely  odorless,  absolutely  dustless  and  absolutely 
healthful ; 

6.  It  leaves  the  cellar  just  as  clean  as  the  other  rooms  of  a  build- 
ing, because  it  does  away  with  coal,  ashes  and  all  the  dirt  and 
dust  incident  to  the  operation  of  the  usual  coal-fired  furnace 
or  boiler; 

7.  It  serves  also  as  a  partial  ventilating  system  in  that  it  constantly 
renews  the  fresh  air  throughout  a  building  because  it  expels 
the  vitiated  air. 

It  can  well  be  seen  that  this  system  is  very  elastic  and  the  desir- 
ability of  such  heating  elasticity  is  obvious  as  applied  to  dwellings 
where  certain  rooms  are  used  infrequently  but  where  heat  must  be 
quickly  obtainable  when  needed.  The  advantage  of  such  elasticity 
in  heating  as  applied  to  business  buildings  is  not  so  readily  evident, 
but  in  such  cases  the  janitor  or  engineer  is  enabled  to  give  an  adjust- 
ment of  dififerent  temperatures  in  various  sections  of  the  building. 

From  the  foregoing  description  it  is  clear  that  the  G.  F.  E.  Rector 
system  differs  fundamentally  from  practically  all  other  gas  appli- 
ances, in  that  it  is  pre-eminently  a  system  of  heating,  whereas  other 
appliances  are  only  heating  units,  except,  of  course,  where  gas  is 
used  for  fuel  in  a  central  heating  plant.  There  is  a  great  field, 
and  will  always  be  a  great  field,  for  heating  appliances  of  the  unit 
type,  but  the  system  just  described  is  certainly  unique  in  that  it  is 
practically  the  only  type  of  gas  heating  appliance  which  has  been  con- 
sistently and  scientifically  developed,  not  as  a  heating  unit,  but  as 
a  complete  heating  system. 

Note.  Since  this  paper  was  first  published,  we  have  been  advised  by  the 
Author  that  in  a  formal  test  made  in  the  laboratory  of  a  gas  company  supply- 
ing gas  in  one  of  the  largest  cities  in  the  country,  this  system  was  found  to 
have  an  efficiency  of  97.3  per  cent.  In  making  this  test,  all  observations  and 
corrections  were  made  for  mechanical  and  physical  qualities  of  the  exhaust 
gases,  and  the  efficiency  means  that  of  the  heat  energy  in  the  gas  before 
combustion,  97.3  per  cent  is  delivered  by  the  heater  to  the  room  in  which  it  is 
located. 
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DISCUSSION 

A.  K.  Oh.mes:  When  this  paper  was  presented  to  the  Society, 
the  Pubhcation  Committee  requested  additional  information  with 
regard  to  operating-  costs,  temperature  of  radiators,  amount  of  air 
handled  and  amount  necessary  to  create  combustion  within  the 
radiator.     I  hope  this  information  is  available  today. 

I.  W.  Knight^  :  As  to  the  question  of  the  amount  of  air  handled, 
we  figure  that  from  the  exposure  and  the  nature  of  the  room  to  be 
heated,  so  much  gas  must  be  consumed  in  order  to  give  off  that 
heat ;  then,  to  give  proper  combustion,  there  probably  will  be  seven 
to  nine  parts  of  air  used  to  one  part  of  gas,  which  means  that  if 
we  figure  from  a  certain  exposure,  we  must  burn  30  ft.  of  gas  per 
hour  to  keep  the  room  to  the  required  temperature,  the  amount 
of  air  and  gas  together  will  be  300  cu.  ft.;  or  270  cu.  ft.  of  air, 
which  will  be  taken  from  the  room  and  exhausted  to  the  outside 
atmosphere. 

In  regard  to  cost,  I  have  but  little  information  at  hand.  I  have 
figures  from  two  installations,  one  of  which  is  a  small  clothier's 
store,  about  16  ft.  wide  and  about  75  ft.  long,  which  has  a  room 
in  the  back,  about  16  x  18  ft.  The  gas  bill  to  January  1st  of  this 
year,  for  the  heating  season  this  winter  has  been  about  $52.  The 
store  was  heated  to  about  70  deg.  during  the  day  and  to  about  40 
to  50  deg.  at  night. 

Another  installation  is  a  large  church,  combined  with  a  parish 
house  and  Sunday  school.  The  church  is  one  of  the  old  fashioned 
type  wath  a  balcony  around  three  sides,  and  the  Sunday  school  room 
is  likewise  semi-circular  in  shape  with  a  balcony.  The  other  rooms 
are  the  ordinary  type  of  parish  house  rooms,  the  entire  job  requiring 
about  54  radiators.  Originally  steam  heat  was  used  in  this  place 
and  the  steam  was  bought  from  an  adjoining  building  at  a  cost  of 
$750  a  year,  which  was  admitted  by  both  parties  to  be  unreason- 
ably cheap.  The  people  who  supplied  the  steam  refused  to  do  so 
any  longer,  and  when  they  came  to  us  for  a  gas  heating  system, 
we  figured  that  the  expense  would  probably  be  $1,000  a  year  for 
heating  by  gas.  They  reported  last  week  that  the  bill  from  the 
first  of  the  season  to  January  1st  had  amounted  to  slightly  more 
than  $400  and  that  they  had  had  heat  of  a  nature  they  had  never 
known  before,  both  from  the  standpoint  of  temperature  and  from 
the  quickness  with  which  the  desired  temperature  could  be  obtained. 

Jas.  H.  Davis  :  I  had  occasion  to  investigate  the  Rector  sys- 
tem in  Portland,   Ore.,  where  gas  is  sold   for  manufacturing  and 


1  Gas  Heating  Dept.,  General  Fire  Extinguisher  Co.,  Providence,  R.  I. 


158  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

heating  purposes  at  50  cents  a  thousand.  I  was  particularly  inter- 
ested in  an  application  to  a  very  large  residence  in  an  exposed 
location  on  a  hill  where  they  had  24  rooms  heated  with  this  system 
but  in  a  very  different  way  from  that  here  shown ;  each  room  had 
a  little  stack  of  vento  with  a  Rector  heater,  and  the  spent  gases 
were  drawn  out  by  one  fan  while  another  fan  delivered  the  air 
around  the  vento  into  the  different  rooms.  Each  room  had  its 
thermostat,  which  cut  off  the  supply  of  heat  as  the  temperature  rose 
to  the  desired  point.  I  saw  the  owner  and  he  expressed  gratifica- 
tion with  the  operation  of  the  apparatus  and  also  said  that  so  far 
as  he  was  concerned,  the  experience  was  very  satisfactory. 

I  also  found  that  the  Portland  gas  people  had  a  good  sized 
laboratory  in  which  they  were  testing  all  manner  of  gas  heating 
boilers,  and  they  were  applying  the  Rector  system  in  a  number  of 
cases  to  stores  and  buildings.  They  were  also  taking  out  fur- 
naces and  putting  in  stacks  of  vento  with  four  to  six  burners  which 
were  controlled  by  a  thermostat.  They  were  putting  these  stacks 
in  place  of  the  old  furnaces,  and  in  four  different  cases  that  I  vis- 
ited, they  expressed  great  satisfaction  with  them. 

I.  W.  Knight  :  From  the  standpoint  of  expense  of  operation,  it 
is  a  more  or  less  commonly  accepted  idea  that  manufactured  gas 
is  almost  exorbitant  as  a  fuel,  but  in  all  the  Rector  systems  of 
which  we  have  any  record,  there  has  never  been  a  single  system 
removed  because  of  the  size  of  the  gas  bill,  and  in  most  instances 
the  people  are  very  well  satisfied  on  that  particular  point. 

H.  M.  Hart:  Granted  that  you  get  100  per  cent  efficiency  in 
burning  gas,  it  is  a  good  deal  cheaper  to  burn  coal  where  you  only 
get  50  per  cent  efficiency  from  the  coal.  I  believe  that  the  engineer 
who  has  spent  a  good  deal  of  time  perfecting  this  system  would 
have  been  doing  better  work  had  he  devoted  his  time  to  devising 
some  means  of  increasing  the  efficiency  we  are  able  to  get  from 
coal  in  heating  boilers.  The  supply  of  gas  is  limited,  and  when 
the  gas  is  mostly  needed  for  heating,  it  is  hardest  to  get.  The 
mains  freeze  up  and  the  public  utility  companies  that  furnish  the 
gas  are  not  equipped  to  meet  the  demand.  I  therefore  cannot  see 
any  excuse  for  trying  to  heat  with  gas.  While  this  system  removes 
the  vitiated  air  and  provides  ventilation,  there  is  nothing  gained  in 
that,  because  the  system  itself  vitiates  the  air  that  it  removes.  I 
cannot  see  anything  in  favor  of  gas  as  a  heating  element. 

T.  B.  J.  Merkt  :  As  to  the  argument  claiming  that  the  Rector 
system  vitiates  the  air  of  the  room, — of  course  we  know  that  in 
any  room,  no  matter  how  tight  the  doors  and  windows  may  appear, 
there  is  always  some  leakage.    The  amount  of  air  supplied  by  leak- 


Discussion  on  New  Gas  Heating  System  159 

age  is  generally  more  than  enough  to  make  up  for  the  air  required 
by  the  radiator,  hence  there  will  be  no  ill  effects  in  the  room,  but 
rather  an  increase  in  the  ventilation. 

The  claim  to  heat  a  house  with  artificial  gas  as  economically  as 
with  coal  is  very  seldom  made.  Cost  is  the  only  advantage  on  the 
side  of  coal  heating.  We  meet  trouble  in  the  procuring  of  coal, 
with  the  various  grades  delivered,  with  coal  handling,  ash  handling, 
storage  space  for  coal  and  ashes,  dust,  etc.  On  the  other  hand,  we 
have  the  cleanliness  and  flexibility  of  gas, — you  can  either  turn  it 
all  on  or  off.  With  coal,  you  must  bank  your  fire  or  make  a  new 
one.  These  points  should  be  taken  into  consideration  when  we 
compare  the  costs  of  coal  and  gas  heating. 

Returning  to  the  Rector  system,  I  would  be  interested  in  seeing 
test  data  substantiating  the  claim  of  90  per  cent  efficiency.  I  would 
like  to  ask  the  speaker  how  often  they  have  encountered  flashbacks 
and  what  damage  resulted,  also  as  to  the  number  of  times  the  pilot 
has  been  extinguished. 

AIr.  ^Manning  :  While  I  have  no  interest  in  the  system,  I  have 
seen  three  or  four  of  them  in  operation  around  New  York  and 
probably  I  can  answer  some  of  the  questions  raised  by  members 
who  are  not  familiar  with  it.  As  to  the  gas  giving  its  full  efficiency 
in  the  room  or  at  least  95  per  cent  as  claimed,  that  can  be  demon- 
strated on  the  system  by  the  fact  that  the  temperature  of  the 
exhaust  from  the  radiator  is  about  75  or  80  deg.  with  the  temper- 
ature in  the  room  held  at  70  deg.  by  the  thermostat.  This  exhaust 
pipe  of  course  goes  into  the  floor  like  a  hot  water  pipe,  and  down 
to  the  fan  downstairs.  The  thermostat  in  the  room  holds  the  tem- 
perature at  70  deg.  by  operating  that  valve.  If  you  put  your  hand 
on  the  exhaust  pipe  and  find  that  its  temperature  is  not  more  than 
80  deg.,  manifestly  the  heat  is  going  into  the  room,  and  not  down 
the  exhaust  pipe.  In  fact  I  have  seen  a  test  made  at  the  point  of 
exhaust  where  the  fan  discharged  up  a  chimney  flue,  and  at  that 
point  the  temperature  was  not  more  than  about  10  degrees  above 
the  temperature  of  the  cellar. 

In  fact  there  is  a  system  down  on  Staten  Island  in  a  cafe  where 
the  temperature  of  the  exhaust  at  the  floor  is  about  70  and  the  base- 
ment is  kept  warm  by  the  heat  of  the  exhaust  pipe  below  70  deg. 
The  products  of  combustion  were  exhausted  by  the  fan  at  about 
50  deg.     They  are  certainly  getting  the  heat  from  the  gas  there. 

As  to  the  possibility  of  explosion,  shutting  off  the  fan  auto- 
matically shuts  that  diaphragm  valve  and  consequently  there  can  be 
no  gas  leakage ;  that  is  as  positive  as  gravity. 
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The  difference  of  cost  between  coal  and  gas  has  been  mentioned. 
The  cost  of  gas  is  so  much  greater  than  coal  that  a  difference  of 
even  50  per  cent  in  the  respective  efficiencies  of  gas  and  coal  would 
not  compensate  ordinarily  unless  we  take  into  account  the  fact  that 
a  thermostat  is  used  in  this  system.  The  thermostat  cuts  off  the 
gas  as  soon  as  the  temperature  rises  above  70  deg.  and  it  acts  day 
and  night,  regardless  of  your  room  temperature.  That  is  a  great 
factor  in  making  up  the  difference  in  the  cost  between  your  gas 
and  coal,  and  added  to  the  90  per  cent  efficiency,  it  is  cutting  down 
the  cost  of  gas  compared  with  coal  in  the  installations  around 
New  York,  to  my  knowledge.  I  know  of  at  least  four  installations 
here  which  are  heating  at  less  expense  with  gas  than  was  formerly 
done  with  coal. 

W.  J.  Baldwin  :  Is  gas  burned  at  the  chandelier  of  less  value 
than  gas  burned  in  a  Bunsen  burner  or  a  gas  stove?  I  will  answer 
the  question  and  say  that  for  years  I  was  a  judge  of  the  American 
Institute  Fairs  and  at  these  exhibitions,  there  were  many  gas  radia- 
tors and  heating  stoves  that  we  are  all  so  well  acquainted  with,  and 
which  are  nothing  more  than  a  row  of  burners  (on  a  header) 
under  some  sheet  iron  pipes.  Mr.  Carlton  W.  Nason  w^as  one 
of  my  co-workers  at  the  time,  and  he  started  an  investigation  to 
find  whether  it  was  not  just  as  good  to  light  up  your  chandelier 
and  burn  the  gas  there  as  to  put  it  into  an  elaborate  gas  stove  or 
gas  radiator.  We  found  that  the  gas  stove  had  this  advantage,  it 
brought  the  heat  near  the  floor,  but  our  investigations  also  showed 
that  even  with  a  Bunsen  burner  it  did  not  make  any  additional 
heat.  We  got  no  more  heat  out  of  the  gas.  We  got  greater  intensity 
and  there  was  no  soot  formed,  but  there  was  no  more  heat. 

Mr.  Knight  mentions  90  per  cent  efficiency  but  I  do  not  quite 
understand  whether  it  is  the  value  of  the  B.t.u.  in  burning  a  pound 
of  gas,  or  something  else.  I  think  that  in  all  apparatus  of  this  kind, 
fired  with  gas,  when  smoke  is  not  formed,  that  we  bring  nothing  into 
existence  and  probably  lose  nothing.  This  is  the  point  I  want  to 
emphasize,  and  that  the  gas  burner  contrivances  now  displayed  in 
the  drug  store  windows  (while  the  cold  spell  is  on)  will  give  as 
much  heat  in  the  room,  if  we  burn  it  near  the  floor,  as  we  get  from 
an  elaborate  stove.    We  get  all  there  is. 

Of  course  the  products  of  combustion  should  be  taken  care  of 
and  run  to  a  chimney,  instead  of  having  the  waste  gas  disposed  of 
some  other  way.  One  of  the  drawbacks  with  an  apparatus  of  this 
kind  in  New  York  would  be  compliance  with  the  furnace  laws.  It 
would  have  to  be  protected  the  same  as  any  other  hot  pipe  going 
through  a  building.     The  main  point  I  desire  to  emphasize  is :    We 
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bring  nothing  into  existence  and  save  nothing  by  burning  gas  in 
any  of  these  contrivances ;  our  only  advantage  is  the  choice  of 
position  or  utility. 

P.  J.  Dougherty:  As  regards  the  efficiency  claimed  I  do  not 
believe  the  temperature  of  the  exhaust  is  any  indication  of  effi- 
ciency from  an  engineering  point  of  view.  Actually,  as  a  rule, 
there  is  more  efficiency  lost  through  improper  combustion  than  tem- 
perature, and  until  we  know  how  much  carbon  and  hydro-carbon 
go  out,  the  temperature  alone  is  a  minor  factor  to  determine.  Often 
a  person  will  go  to  a  smokepipe  of  the  boiler  and  will  say  the 
boiler  is  very  efficient  because  the  stack  temperature  is  very  low, 
but  that  is  no  indication  of  the  efficiency  of  the  boiler.  Without 
the  firebox  temperature  to  compare  with  the  stack  temperature  and 
flue  gas  analysis,  that  one  factor  determines  nothing.  I  think  the 
same  thing  applies  to  this  proposition,  unless  they  give  the  analysis 
of  the  exhaust. 

W.  T.  Hudson  :  I  investigated  the  system  of  Mr.  Rector  in  his 
laboratories  in  Brooklyn  some  three  years  ago.  This  system  has 
many  good  points,  the  featvires  which  were  then  objectionable  hav- 
ing since  been  rectified.  , 

The  use  of  artificial  gas  for  house  heating  is  in  its  infancy. 
The  question  regarding  the  cost  of  gas  for  this  purpose  has  been 
raised.  The  cost  of  gas  is  from  1^  to  3  or  4  times  the  cost  of 
coal,  depending  upon  the  appliance  employed  and  its  operation.  A 
good  question  has  been  raised  by  Mr.  Dougherty  in  which  he  states 
that  the  quality  of  the  exhaust  cannot  be  determined  unless  a  flue 
gas  analysis  has  been  made.  An  excess  of  carbon,  and  other  rea- 
sons would  make  it  impossible  to  render  a  definite  statement  in 
regard  to  the  efficiency  of  the  apparatus,  unless  this  point  had  been 
investigated.  I  will  state  that  I  have  handled  steam  and  coal  for  a 
great  many  years,  having  installed  boilers  as  well  as  operated  them. 
When  I  entered  the  gas  industry,  I  had  to  change  my  methods  as 
previously  employed  in  the  use  of  coal. 

The  use  of  gas  for  house  heating  is  ever  increasing,  and  while 
some  criticize  such  use  it  must  be  admitted  that  gas  worked  won- 
ders during  the  severe  cold  spell  of  this  winter.  Gas  is  coming, 
and  as  may  be  observed  from  the  explanation  of  the  Rector  system 
such  factors  as  fuel  cost,  manipulation  and  operation  are  points 
which  are  not  objectionable. 

B.  S.  Harrison  :  I  believe  that  the  only  efficiency  gained  in  the 
burning  of  gas  over  coal  is  in  the  local  application.  That  is  all  I 
see  in  this  discussion  and  in  my  own  experience,  that  is  all  I  have 
ever  been  able  to  gain.     I  have  tried  the  burning  of  gas,  both  pro- 


162  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

ducer  gas,  natural  gas  and  city  gas  under  heaters  which  were  oper- 
ating at  a  definite,  known  efficiency,  and  had  been  operating  under 
coal.  The  best  efficiency  I  could  get  with  producer  gas,  with  the 
producer  right  alongside  the  heater  and  the  heater  operating  at  80 
per  cent  efficiency,  was  1.3  to  1.5  times  the  cost  of  coal.  With  city 
gas,  the  best  efficiency  I  could  get  was  three  and  four  times  the  cost 
of  operating  with  coal,  burned  directly  under  the  heater. 

With  natural  gas  it  varied,  depending  on  the  atmospheric  condi- 
tions as  the  natural  gases  vary  in  their  B.t.u.  value  and  the  hydro- 
carbons vary  according  to  the  temperature,  but  there  the  cost,  as 
compared  with  coal,  was  in  the  neighborhood  of  1.3  times.  Of 
course,  with  a  gas  heater  in  a  room  where  you  have  the  radiation 
and  total  effect  of  the  heat,  assuming  it  is  90  per  cent  efficiency 
(which  I  doubt),  there  is  some  advantage  over  the  efficiency  with 
a  steam  system  where  the  source  of  heat  is  in  the  basement  and 
maybe  the  steam  lines  and  return  lines  are  not  properly  propor- 
tioned. There  is  an  advantage  in  the  direct  application  of  a  gas 
heater  in  a  room  where  the  heat  is  needed,  over  a  centralized  steam 
or  any  other  heating  plant,  where  there  are  some  losses  in  trans- 
mission. The  application  of  thermostatic  control  is  practically  the 
same  in  either  case  and  has  the  same  relative  effect. 

I.  W.  Knight:  There  seems  to  be  a  general  idea  that  I  was 
reporting  90  per  cent  efficiency,  basing  it  on  the  fact  that  the  flue 
gases  are  relatively  cool.  I  do  not  recall  saying  anything  to  that 
effect.  I  said  the  radiation  should  be  designed  to  sufficiently  cool 
the  flue  gases.  There  would  be  an  additional  loss  in  efficiency  if 
the  flue  gases  went  out  hot.  I  said  that  the  laboratory  test  had 
shown  that  the  efficiency  of  the  system  is  better  than  95  per  cent, 
and  even  the  commonest,  poorest  installation,  in  actual  practice, 
will  keep  up  to  90  per  cent. 

The  point  has  been  brought  up  that  the  system  would  not  meet 
fluctuating  conditions,  or  that  it  would  be  necessary  to  have  several 
different  sizes  of  radiators  and  use  the  radiator  of  the  size  necessary 
to  meet  the  condition.  I  do  not  think  that  is  the  idea,  as  with  a 
radiator  of  sufficient  size  to  meet  the  worst  condition  and  a  gas 
supply  sufficient  for  that  condition,  the  difference  in  outside  tem- 
perature conditions  will  determine  the  length  of  period  that  the 
radiator  will  burn.  On  a  cold  day  it  will  burn  oftener  and  be  on 
for  longer  periods  than  on  a  warm  day,  but  whenever  it  is  on,  it 
is  a  certain  sized  radiator  burning  at  its  fullest  efficiency. 

Another  question  was  brought  up  as  to  whether  or  not  there  was 
not  some  danger  that  the  radiator  will  leak  when  filled  with 
gas;   the  answer  is  that  if   it   leaks   it   will   leak  in  and   not  out. 
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because  the  whole  apparatus  is  dependent  on  a  vacuum.  If  there 
is  any  appreciable  leak,  there  will  not  be  vacuum  enough  to  operate 
the  valve.  The  radiators  are  ordinary  hot  water  type  radiators 
and  the  connections  between  the  two  halves  of  the  radiator  and 
the  burner  box  are  made  of  exactly  the  same  construction  as  the 
Joints  and  the  rest  of  the  radiator.  If  there  is  any  leakage,  it  is 
inward  and  not  outward,  due  to  the  exhaust. 

As  to  the  question  of  just  how  much  it  was  worth  to  have  the 
cellar  clean  and  unobstructed,  I  would  call  to  your  attention  the 
fact  that  this  system  does  not  require  a  cellar  to  put  a  heating 
system  in.  We  have  in  any  quantity  of  cases  put  it  in  where  people, 
in  dividing  a  building  up  into  small  stores,  find  that  they  cannot 
make  suitable  arrangements  with  the  tenants  for  heat.  There  are 
also  cases  where  there  is  no  cellar  at  all  and  thus  no  room  for  an 
ordinary  heating  plant ;  a  system  like  this  will  go  in  with  the 
exhaust  fan  in  a  rear  toilet  or  up  on  the  back  w^all,  as  it  takes  up 
very  little  room  and  is  not  objectionable  in  looks. 

In  regard  to  the  objection  to  a  gas  appliance  like  this  in  the  room 
because  the  gas  might  go  oflf,  I  think  the  gas  interests  will  rather 
take  objection  to  the  idea  that  the  gas  may  go  ofi.  Personally, 
where  I  live,  I  only  remember  one  case  in  my  life  where 
the  gas  went  off,  and  then  we  had  four  hours'  notice  before  they 
turned  it  off. 

As  to  flashbacks,  I  will  say  that  flashbacks  are  practically  un- 
known, and  one  of  the  engineering  features  that  should  be  brought 
out  is  the  fact  that  the  little  stud  connected  to  the  diaphragm  is 
screwed  into  a  little  socket  which  is  soldered  to  the  diaphragm.  If 
the  flashback  should  occur,  it  will  come  down  and  burn  at  a  point 
which  will  heat  the  diaphragm  and  melt  the  solder ;  then  the  little 
socket  will  drop  ofif  and  the  weight  of  the  ball  will  shut  off  the  gas 
of  its  own  accord. 

In  reply  to  the  statement  that  there  is  no  new  feature  involved  in 
the  system,  I  had  better  .  mention  again  the  fact  that  the 
exhaust  is  depended  on  to  open  the  valve,  and  if  a  pilot  does  go 
out  and  it  becomes  necessary'  to  open  the  burner  box  door  to  light  it. 
there  isn't  any  possibility  of  explosion  such  as  one  might  meet  in 
other  gas  appliances  that  have  to  be  relighted  under  similar  con- 
ditions. 


No.  482 

DUST;  ITS  UNIVERSALITY,  ELIMINATION  AND 
CONSERVATION 

By  E.  R.  Knowles.i  New  York,  N.  Y. 
Non- Member 

DUST  is  defined  as  finely  comminuted  or  powdered  matter.    In 
its  broad  sense,  it  is  the  most  ancient  of  known  things,  its 
origin  being  co-existent  with  the  beginning  of  the  cosmos ; 
it  is  the  foundation  from  which  all  things  in  the  universe  are  formed. 
How  few  of  us  who  tread  on  dust  realize  that  we,  with  all  else,  had 
a  beginning  and  there  was  once  a  solitary  dust. 

"In  the  beginning,  God  created  the  heavens  and  the  eartli" — and 
the  "Lord  formed  man  out  of  the  dust  of  the  ground,"  and,  at  the 
ending,  "dust  thou  art  and  unto  dust  thou  shalt  return,"  so  that  even 
man,  proud  man,  is  not  exempt  from  the  universal  law.  "Imperial 
Caesar  turned  to  clay  may  stop  a  hole  to  keep  the  wind  away." 

Dust  is  all  pervasive,  everywhere,  on  land  or  sea  ;  it  dwells  in  the 
mist,  the  dew,  the  rain,  the  snow ;  in  the  calm,  the  breeze,  the  storm ; 
in  the  air  we  breathe,  in  the  food  we  eat ;  in  the  country,  in  the  city, 
in  our  highways  and  streets  ;  in  our  mines,  our  habitations,  our  fac- 
tories;  in  all  manufacturing  processes;  in  the  smoke  from  our 
furnaces. 

It  is  in  constant  circulation,  obeying  the  winds  and  waters  and  is 
broken  up  under  the  forces  of  all,  but  however  small  the  particles, 
each  carries  with  it  the  characteristics  of  the  whole.  It  is  both  a 
blessing  and  a  curse;  a  scree  of  value  or  of  loss;  a  pleasure  or  a 
nuisance. 

There  are  many  classes  of  dust,  notably: — 
Molecular  dust :    Swaying  ever  in  space  and  catching  and  breaking 
the  sunbeam,  giving  us  the  deep  blue  of  the  noon-day  sky  and 
the  gorgeous  colors  of  morning  and  evening ; 
Water  dust :    Clouds,  fog  and  steam  ; 
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Scriptural  dust :  Bearing  close  relationship  to  the  origin  and  ending 

of  mundane  existence; 
"Dust"  :  To  win  which  many  a  mortal  forgets  his  origin  and  destiny  ; 

Common  every-day  dust :    The  bane  of  the  tidy  housekeeper,  the 

torment  of  the  cleanly  citizen,  wafted  by  every  breeze  without 

and  stirred  by  every  footfall  within ; 
Smoke  dust :    Arising  from  our  furnaces,    incinerators    and    other 

sources  of  combustion ; 
Mechanical  dust :  Arising  from  nearly  every  mianufacturing  process, 

either  as  a  waste,  a  loss,  or  a  purposely  formed  product. 
The  general  public  has  only  a  very  faint  idea  of  the  enormous 
amount  of  dusts,  injurious  or  innocuous,  valuable  or  useless,  passing 
into  the  atmosphere  in  the  smoke  and  fumes  from  belching  stacks 
and  chimneys,  nor  of  the  benefits  and  economies  arising  from  their 
abatement  or  recovery.  A  list  of  such  dusts  is  too  large  for  men- 
tion in  the  present  paper.  Among  them  may  be  noted  the  cinders 
and  unburned  carbon  in  the  smoke  and  fumes  from'  steam  furnaces, 
incinerators  and  other  fuel  consumers ;  the  unburned  and  burned 
cement  dust  from  cement,  plaster,  coke  and  kindred  works ;  the  ox- 
ides and  other  compounds  of  metals  and  their  fluxes  escaping  into 
the  atmosphere  in  the  smoke  and  fumes  from  copper,  lead,  tin  and 
zinc  reduction  and  smelter  works^  and  from  steel  and  iron  blast 
furnaces. 

In  the  smelting  of  lead  the  fumes  contain  from  3  to  10  per  cent 
of  volatilized  metal  in  the  form  of  lead  oxide  and  sulphide  with 
compounds  of  arsenic  and  antimony.  In  the  fumes  arising  from 
the  smelting  and  refining  of  various  ores  are  to  be  found  metallic 
gold  and  silver,  copper,  tellurium  and  selenium;  silicates  of  potash, 
soda,  aluminum  and  lime ;  oxides  of  iron,  zinc,  cadmium,  antimony, 
lead,  copper,  arsenic,  tellurium,  selenium  and  thallium ;  sulphates  and 
sulphides  of  zinc,  antimony,  lead,  copper  and  arsenic;  elemental  sul- 
phur and  sulphur  dioxide  and  trioxide.  There  also  may  be  noted 
the  many  kinds  of  fumes  and  mechanically  formed  dusts  pervading 
the  air  in  all  manner  of  manufacturing  processes,  mostly  if  not  all 
deleterious  and  hurtful  to  the  operators  in  such  places. 

The  importance  of  the  effects  of  atmospheric  dust  conditions  on 
the  health  of  the  individual  cannot  be  over-rated  and  the  various 
State  and  Public  Utility  Commissions  and  the  State  and  City  Health 
Boards  are  taking  cognizance  of  these  conditions  and  are  applying 
drastic  measures  for  the  suppression  and  elimination  of  these  dust 
and  fume  emanations  as  nuisances  and  detrimental  to  hfe,  health 
and  comfort. 
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Safety  First :  Each  trade  and  occupation  should  be  rendered  free 
from  danger,  so  that  in  following  it  no  risk  is  incurred.  Dusts  may 
be  injurious  or  inert,  valuable  or  valueless,  according  to  their  place- 
ment or  source.  Dusts  may  be  injurious  by:  (1)  irritant  action, 
(2)  toxic  action,  (3)  mechanical  action,  or  (4)  a  combination  of 
these  actions. 

As  an  example  of  an  irritant  dust  may  be  cited  that  from  flint  or 
similar  silicious  rocks.  The  particles  are  hard,  sharp  and  angular 
and  when  inhaled  injure  the  delicate  membrane  of  the  respiratory 
tract  and  set  up  an  inflammation. 


FIG.   1.     TYPICAL    APPLICATION    OF    DUST    ELIMINATION    APPARATUS    IN 
BUILDING  VENTILATION 

As  an  example  of  a  toxic  dust,  that  from  lead  may  be  cited, 
which  sets  up  lead  poisoning  when  taken  into  the  system. 

As  an  example  of  a  mechanical  dust,  that  from  flour  may  be 
cited.  This  is  neither  hard,  sharp  and  angular,  nor  is  it  toxic  in 
character,  but  it  acts  by  its  mechanical  interference,  such  as  the 
clogging  of  the  minute  air  cells  of  the  lungs. 

The  problem  of  dust  elimination  or  recovery  from  its  containing 
medium,  particularly  the  dusts  and  fumes  from  the  air  in  factories 
and  smoke  from  the  atmosphere,  has  formed  the  subject  of  many 
scientific  discussions,  and  brought  about  the  invention  of  many  de- 
vices and  processes  for  these  purposes  and  has  stimulated  enter- 
prise and  encouraged  manufacture. 

The  lone  settler  in  a  wilderness  does  not  concern  himself  with  con- 
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ditions  beyond  his  own  dooryard — the  forces  of  nature  maintain 
the  fitness  of  his  environment — but  when  people  elect  to  live  closely 
together,  the  problems  that  confront  their  pursuit  of  health  and 
happiness  become  numerous  and  varied  and  they  are  confronted, 
among  other  things,  with  the  necessity  of  exercising,  in  some  degree, 
the  virtue  of  cleanliness,  not  so  much  on  account  of  its  spiritual 
effect,  but  from  the  more  sordid  view  of  life,  health  and  existence. 
In  trying  to  overcome  the  begriming  effects  of  dust,  we  have  become 
a  well  washed  people,  the  soap  industry  has  been  developed  to 
enormous  proportions  and  frequent  ablutions  have  become  the  rule 
rather  than  the  exception. 

The  occupations  and  activities  of  a  large  population  are  accom- 
panied by  many  processes  of  waste  and  destruction,  and  dusts  and 
fumes,  although  generally  considered  detriments  and  nuisances,  have 


FIG.  2.     A    TYPICAL    EXAMPLE    OF   AIR   WASHING    EQUIPMENT 


nevertheless  done  something  to  promote  public  health  and  advance 
civilization  ;  for  those  nations  are  leading  in  the  path  of  progress 
"/hose  workers  not  only  require  soap  and  water  for  themselves,  but 
who  by  the  dusts  and  wastes  they  create,  oblige  others  to  a  similar 
usage ;  dust  is  a  civilizer. 

Dusts  may  be  approximately  classified  under  the  following  general 
heads : 

1.  Dusts  which  are  a  nuisance  and  which  are  generally  valueless, 

but  which  should  be  eliminated  on  account  of  their  mechanical 
irritation  or  because  they  are  injurious  to  life  or  property  (the 
cinders  and  fumes  in  the  smoke  from  chimneys  are  widespread 
examples  of  this  form  of  dust)  ; 

2.  Dusts  which  are  a  nuisance  and  yet  have  a  reclamation  value  and 

which  should  be  conserved  and  saved  (the  dusts  from  cement 
works  is  a  familiar  example  of  this  form)  ; 
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Dusts  which  are  not  a  nuisance  and  have  a  reclamation  value  and 
which  should  be  conserved  and  saved  (the  dust  from  smelting 
works  are  an  example  of  this  form  of  dust)  ; 

Valuable  products  of  manufacture  which  are  produced  in  a 
finely  divided  state  and  which  must  be  collected  after  manu- 
facture (powdered  milk,  eggs,  sugar,  spices,  etc.,  are  familiar 
examples  of  this  form  of  dust)  ; 

Various  special  applications  such  as  the  removal  of  ore  dust 
from  blast  furnace  gases  and  at  the  same  time  conserving  the 
heat  of  the  gas ;  the  removal  of  carbon  dioxide  from  the  viti- 
ated air  in  submarines,  mines  and  underground  operations ; 
the  removal  of  moisture  from  air  during  rain  or  that  due  to 
Fpray,  water  jets,  etc. 

0 


FIG.  3.     THE    CENTRIFUGAL    OR    CYCLONE    FORM    OF   DUST    SEP.VRATOR 


This  is  the  age  of  economy  and  efficiency  and  the  recovery  of  dusts 
as  waste  products  of  many  industries  formerly  considered  of  little 
value  and  usually  thrown  away,  is  now  receiving  unusual  attention. 
Very  little  is  allowed  to  escape,  the  value  of  the  by-products  thus 
recovered  being  often  of  more  value  than  the  original  materials 
from  w^hich  they  emanated,  and  totaling  millions  of  dollars  an- 
nually. This  form  of  recovery  serves  a  triple  purpose :  The  con- 
servation of  valuable  materials ;  the  elimination  of  an  intolerable 
nuisance ;  and  the  preservation  of  property. 

The  kinds  of  dust  are  legion,  but  the  following  is  a  partial  classi- 
fication and  list  of  various  dusts  found  in  the  air,  in  gases  and 
fumes  from  various  manufactories  and  as  results  of  various  manu- 
facturing processes,  which,  for  one  reason  or  another,  it  is  proper 
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and  profitable  to  remove  and  collect  from  their  containing  medii, 
and  serves  to  show  in  a  measure  how  widespread  is  the  distribution, 
the  great  amount  of  waste  materials  in  the  form  of  dust,  the  valu- 
able character  of  many  kinds  of  dust,  and  the  very  large  economic 
savings  arising  in  many  instances  from  their  recovery. 

CLASSIFICATION   OF  DUSTS 

1.  Atmospheric  dust,  consisting  of  fine  ashes,  cinders  and  unburned 
coal  from  the  smoke  and  fumes  from  coal,  oil  and  wood  con- 


OUTLET  TO  FAN 


FIG.  4.     A  MODIFIED    FORM   OF  THE    CYCLONE   DUST   SEPARATOR 

suming  furnaces   (manufacturing  and  domestic),  incinerators 

and  other  sources  where  fuel  is  consumed ;  emanations  from 

cement  works,  blast  furnaces,  coke  ovens,  smelting  works  and 

other   similar   manufacturing  operations,   all   of   which   are   a 

nuisance,  injurious  and  harmful   to  health  and  property  and 

are  of  no  collective  value. 

The  presence  of  such  dusts  in  the  atmosphere  is  practically  univer- 
sal, varying  in  quantity  and  character  according  to  location  but  parti- 


Dust,  Its  Elimination  and  Conservation,  E.  R.  Knowles 


171 


cularly  dense  over  and  in  vicinity  of  large  cities,  affecting  the  light  and 
humidity  and  inducing  the  condensation  of  moisture  in  the  form  of 
fog  and  mist;  the  haze  and  mist  which  envelope  large  cities  are 
shown  by  observation  to  be  accompaniments  of  the  dust  arising  there- 
from. Atmospheric  pollution  from  such  sources  is  one  of  the  vitai 
questions  of  the  day,  and  its  purification  is  most  important  and  neces- 
sary. Careful  attention  is  given  to  the  purity  of  the  water  supply;  the 
disposal  of  refuse  and  sewage  and  the  cleanliness  of  the  streets,  and 
the  purity  of  the  air  we  breathe  is  just  as  vitally  important  as  any  of 
these  and  is  at  the  present  time  receiving  the  attention  which  it  merits. 

2.  Dusts  of  various  kinds  in  the  rooms  and  enclosed  spaces  of  pub- 
lic and  private  buildings  and  in  manufactories,  such  as  wood- 


so 
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ANOTHER   FORM   OF   MODIFIED   CENTRIFUGAL   DUST   SEPARATOR 


working  mills,  flour,  starch,  sugar,  graphite,  paint  and  other 
grinding  and  pulverizing  and  kindred  manufacturing  struc- 
tures ;  glass  works,  felting,  weaving,  cloth  finishing  and  similar 
manufacturing  operations  and  many  others  in  location  and  kind 
too  numerous  to  mention,  all  of  which  are  injurious  to  the 
health  of  the  worker,  and  many  of  which,  if  eliminated  and 
collected,  are  of  considerable  value. 
The  oxides,  sulphides,  sulphates  and  other  compounds  in  the 
gases  and  fumes  of  copper,  lead,  tin,  iron,  steel,  zinc,  gold,  silver 
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and  other  smelting  and  reduction  works,  some  of  which  are 
solids,  others  fumes  which  become  solids  as  they  cool,  all  of 
which  should  be  collected  and  are  quite  valuable. 
Dusts  in  the  gases  and  fumes  from  cement  and  plaster  works, 
calcium  carbide  and  carborundum  furnaces,  lime  and  coke 
kilns,  pyrite  burners  and  many  kindred  manufacturing  opera- 
tions, some  of  which  are  a  nuisance,  such  as  the  dust  from 
cement  works  which  covers  acres  of  surrounding  territory,  all 
of  which  are  collectable  and  of  considerable  value. 
5.  Manufactured  dusts,  such  as  pulverized  and  powdered  flour, 
starch,  talc,  sugar,  eggs,  milk,  malt,  fruit  extracts,  dyes,  ores. 


OCCTION  -"AA". 


i'lG.  6.     A   MODiriC.\TION    OF   THE  CENTRIFUGAL   DUST   SEPARATOR   WITH 

BAFFLE    PLATES 


metals,  chemicals  and  other  manufactured  products  in  dust  form 
which  are  valuable  and  should  be  collected. 
G.  The  dusts  of  gold,  silver  and  other  substances  from  jeweler's 
sweepings  and  other  sources,  which  are  of  high  value. 

7.  The  dusts  and  fumes  from  burning  molasses,  cotton  seed,  bulbs, 

bagging  and  similar  refuse ;  oil  boihng  in  varnish  and  paint 
works ;  ore  m,ixing  works ;  acid  works,  and  other  miscellaneous 
operations,  all  of  which  are  a  nuisance  and  injurious  and  a 
menace  to  health  and  property  and  of  no  collectable  value. 

8.  City  dust,  in  the  streets  and  highways,  composed  of  particles  of 

sand,  broken  fibres  of  vegetation,  pollen,  hair,  pulverized 
excreta  of  animals,  ashes,  fibres  of  clothing  and  fabrics,  par- 
ticles of  lime,  plaster,  soot,  pottery,  seeds  of  plants,  masses  of 
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various  micro-organisms  and  other  pulverized  materials  oi 
numerous  kinds,  constantly  being  added  to  by  building  opera- 
tions, overloaded  coal  and  refuse  carts,  push-carts  and  horses. 

Carpets  and  rugs  are  shaken  on  house  steps  and  from  windows,  and 
matter  composed  largeh'  of  excreta  from  horses  lies  everywhere,  being 
ground  and  stirred  up  by  passing  vehicles  and  pedestrians  and  constantly 
circulated  by  wind  and  water  from  place  to  place.  This  is  one  form  of 
dust  which  is  universally  disseminated,  is  always  a  nuisance  and  a  con- 
stant menace  to  life,  health  and  property. 


Section  -qq- 


SccriOM  -  AA" 


FIG.  7.     A  FORM  OF  CENTRIFUG.AL  SEPARATOR  WITH  SPIRAL  CURTAIN 

WALLS 


These  are  a  few  of  the  almost  innumerable  sources  of  dust 
formation,  either  natural  or  artificial,  and  serve  to  show  how  wide- 
spread such  conditions  are  and  to  indicate  in  many  cases  the  valu- 
able character  of  such  dusts  and  the  desirability  not  alone  of  their 
elimination  as  nuisances  and  menaces  to  health  and  property,  but 
also  the  desirability  of  their  complete  and  economical  recovery. 
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DUST   SEPARATION 

Many  forms  of  dust  separating  and  recovering  apparatus  have 
been  devised,  some  for  purifying  the  atmosphere,  the  air  of  build- 
ings and  habitations,  some  for  separating  the  dust  from  smoke  and 
flue  gases  and  some  for  collecting  mechanically  formed  dusts.  In 
general,  the  abatement  of  dust  in  the  air  may  be  accomplished:  (1) 
by  preventing  dust  suspension,  (2)  by  removal  of  the  suspended 
dust,  (3)  by  preventing  the  inhalation  of  dust. 

Dust  suspension  may  be  obviated  by  eliminating  the  dust  forming 
processes,  or  when  this  cannot  be  accomplished,  by  using  an  efficient 


FIG.  8.  A  SIMPLE  FORM  OF  BAFFLE  PLATE  SEPARATOR 

method  for  its  removal,  or  when  these  methods  are  impractiable,  by 
the  individual  wearing  an  apparatus,  such  as  a  respirator,  to  pre- 
vent the  inhalation  of  the  dust. 

Perhaps  the  earliest  form  of  such  apparatus  was  devised  for  use 
in  building  ventilation  (Fig.  1).  This  consists  generally  of  a  power 
driven  fan  or  blower,  whose  inlet  is  connected  by  a  flue  with  the 
outside  air,  provided  with  straining  screens  of  wire  or  cloth  at  the 
inlet  or  bags  at  the  outlet  of  the  fan,  with  or  without  water  sprays 
for  straining  out  the  dust  from  the  incoming  air;  heating  or  cooling 
coils  over  which  the  air  is  dra^vn  or  forced  for  the  purpose  of 
modifying  and  changing  the  temperature  of  the  air,  the  whole  gen- 
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erally  enclosed  in  a  chamber  provided  with  inlet  and  outlet  ducts, 
dampers  and  other  controlling  apparatus,  by  means  of  which  the 
air  from  the  outside  is  drawn  into  the  building,  strained,  tempered 
and  forced  through  the  various  rooms  in  the  building.  This  form 
of  apparatus  has  been  variously  modified  and  improved  until  at  the 
present  time  such  apparatus  is  very  efficient  for  air  washing  pur- 
poses. 

A  good  example  of  a  modern  form  of  this  apparatus  is  the  Ster- 
ling (Fig.  2).  A  power  driven  fan  draws  the  air  and  its  dust  con- 
tent in  at  inlet  1,  and  forces  it  through  the  apparatus  and  out  at 


FIG.  9.  DETAILS,  OF  THE  METROPOLITAN  CINDER  COLLECTOR 


outlet  2.  Within  the  enclosing  chamber  C  is  a  spraying  mechan- 
ism 6,  and  an  eliminator  7.  Water  of  varying  temperature  is  sup- 
plied the  spraying  mechanism,  according  to  the  air  temperature  re- 
quired, and  the  air  and  dust  content  in  passing  through  the  ap- 
paratus is  first  washed  free  of  impurities  and  tempered  by  the 
spraying  mechanism,  and  the  excess  moisture  and  dust  carried  in 
suspension  are  removed  by  means  of  the  horizontal  and  vertical 
bafHe  plates,  8,  9  and  10.  A  tank,  11,  below  the  spraying  apparatus 
acts  as  a  reservoir  to  supply  water  to  the  sprayers  and  also  to  catch 
the  excess  water  and  dust  content  from  the  apparatus. 

Another  early  form  of  dust  separator  for  removing  dust,  sawdust, 
fibres  and  other  loose  materials  from  the  air  of  factories  is  known  as 
the  centrifugal  or  cyclone  separator  (Fig.  3).    In  its  simple  form  it 
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consists  of  a  sheet  metal  cylinder  A  with  a  conical  bottom  B.-  It  has 
an  inlet  I  which  is  placed  tangentially  near  the  top  of  the  cylinder 
an  open  outlet  O  centrally  located  at  the  top,  and  a  valved  outlet  C 
at  the  bottom. 

The  air  or  gas  with  its  dust  content  is  forced  by  means  of  a  suit- 
able blower  through  the  inlet,  striking  the  wall  of  the  cylinder  tan- 
gentially and  giving  it  a  rotary  downward  direction  in  the  cylinder. 
This  change  in  direction  together  with  the  centrifugal  motion  causes 


FIG.  10.     A  DESIGN    OF   BAFFLE  WASHER   FOR   DUST   COLLECTION 


an  impingement  and  a  deposition  of  dust  upon  the  walls  of  the 
cylinder,  which  deposit,  accumulating,  gradually  falls  to  the  bottom 
of  the  apparatus  and  is  drawn  out  through  the  valved  outlet.  In 
order  to  leave  the  separator  the  air  or  gas,  freed  from  its  dust 
content,  finally  takes  an  upward  course  through  the  centre  of  the 
apparatus  and  passes  out  through  the  outlet  at  the  top. 

A  great  many  variations  and  im43rovements  of  this  apparatus  have 
been  made,  all  tending  to  greater  efficiency  of  dust  separation,  among 
which  may  be  noted  the  Morse  Cyclone  (Fig.  4).     This  form  of 


Dust,  Its  Elimination  and  Conservation,  E.  R.  Knowles 


177 


H— 


i   L_ 


178 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


cyclone  has  an  inner  division  or  curtain  E  provided  with  openings 
F-F.  The  air  or  gas  with  its  dust  content  is  forced  in  at  the  tan- 
gential inlet  A  and  travels  in  a  spiral  course  as  shown  by  the  ar- 
rows. The  dust  sweeping  around  the  surface  of  E  passes  out 
through  the  openings  F-F,  falls  to  the  bottom  of  the  apparatus  and 
passes  out  through  the  outlet  at  the  bottom  and  the  cleaned  air  or 
gas  passes  up  and  out  through  the  outlet  X  at  the  top. 

Another   and   more   complicated    form    is    the    Brassert-Whittig 
whirler   (Fig.  5).     This  separator  consists  of  an  outer  cylindrical 


FIG.   12.     A   UNIQUE    FORM   OF    BAFFLE   DUST    SEPARATOR   USING 
VERTICAL    STEEL  WIRES 


shell  9,  an  inner  inverted  tube  18  passing  through  the  top  of  9  and 
forming  the  outlet  10.  Attached  to  the  inner  surface  of  shell  9  and 
surrounding  the  flared  end  of  the  tubes  are  a  number  of  metal  bars 
19.  The  inlet  8  is  attached  tangentially  to  the  top  of  shell  9,  the  air 
or  gas  and  dust  content  are  forced  through  inlet  8  and  whirl  in  a 
spiral  course  around  and  down  through  shell  9,  the  dust  being  thrown 
out  centrifugally  against  shell  9  and  arrested  and  caught  by  bars  19, 
and  falling  to  the  bottom  and  passing  out  through  the  valved  outlet 
23,  the  cleaned  air  or  gas  passing  up  through  tube  18  and  out  at 
outlet  10.  This  apparatus  is  provided  with  spray  nozzles  20,  pointing 
in  the  direction  in  which  the  air  or  gas  rotates  and  that  introduce 
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water  in  a  fine  spray  which  mingles  with  the 
air  or  gas  and  materially  assists  by  wash- 
ing the  extraction  of  the  contained  dust. 

A  modified  form  of  the  Brassert-Whittig 
whirler  has  baffle  plates  19  (Fig.  6)  instead 
of  metal  bars,  set  at  an  angle  to  the  inner 
surface  of  shell  9  and  also  a  cone, 
with    baffle    plates    on    its    surface,    which 


FIG.   13.     A     FORM      OF      IMPINGING 

WASHER    FOR    DUST 

SEPARATION 


i^IG. 


14.     A  DESIGN  OF  SPRAY  TOWEP 
FOR    DUST    SEPARATION 
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is  placed  just  below  the  inner  opening  10  of  outlet  pipe.    The  action 
is  similar  to  the  preceding  form  but  more  efficient. 

In  the  form  shown  in  Fig.  7,  the  Dyblie  whirler,  there  is  a 
spiral  curtain  10  arranged  inside  the  shell  9,  the  air  or  gas  and 
dust  content  entering  the  tangential  inlet  1  and  impinging  on  and 
following  the  spiral  curtain  10.     The  dust  is  thrown  out  by  cen- 


FIG.  15.  AN  EARLY  DESIGN  OF  ROTARY  DUST  SEPARATOR 

trifugal  force,  caught  by  the  walls  of  the  spiral  curtain  10  and  falls 
to  the  bottom  of  the  shell  and  passes  out  through  outlet  X.  The 
cleaned  air  or  gas  passing  up  through  the  central  tube  and  out 
through  the  outlet  flue  O. 

I  have  described  these  .various  forms  of  the  cyclone  dust  sep- 
arator at  length,  because  this  simple  and  efifective  apparatus  embodies 
a  principle  upon  which  the  successful  operation  of  the  great  majority 
of  dust  separators  is  based. 
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This  principle  is  the  utihzation  of  the  kinetic  energy  of  the  dust 
particles,  compelling  them  to  leave  the  direction  in  which  the  air 
or  gas  is  flowing,  this  being  usually  accomplished  by  admitting  the 
air  or  gas  at  a  high  velocity  into  the  separator  in  one  direction  and 
then  causing  it  to  leave  in  another  direction,  while  the  speed  of  pas- 
sage through  the  separator  is  materially  reduced. 

Various  forms  of  dust  separators  are  arranged  with  baffle  plates, 
water  streams  and  deposit  tanks,  enclosed  in  chambers,  the  gases 


FIG.   16.     A  FORM   OF   ROT.\RV   DUST   WASHER    (THE  THEISEX) 


with  their  dust  content  being  forced  or  drawn  through  the  bafifle 
plates  and  water  streams. 

The  baffle  plates  retard  and  change  the  direction  of  the  flow  of 
the  gases  and  the  dust  particles  are  caught  by  the  baffle  plates  from 
which  they  are  washed  by  the  water  streams  into  the  deposit 
tanks. 

A  simple  form  of  baffle  plate  separator  (Fig.  8)  consists  of  a 
large  settling  chamber  C  which  is  fitted  with  a  set  of  baffle  plates 
P-P.     The  settling  chamber  increases  in  size  from  the  inlet  flue  I 
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to  the  outlet  flue  O  and  the  baffle  plates  are  V-shaped  and  arranged 
with  their  open  faces  opposed  to  the  direction  of  flow  of  the  gases, 
care  being  taken  to  make  the  baffle  plates  of  such  dimensions  as  to 
extract  the  maximum  amount  of  dust  without  creating  an  undue  re- 
sistance to  the  flow  of  the  gases. 

Perhaps  the  most  effective  form  of  this  type  of  dust  separator 
is  the  Metropolitan  Cinder  Catcher  (Fig.  9).  In  this  form  of  sep- 
arator, A  is  the  intake  flue,  D'  the  baffle  plates,  B  a  chamber  be- 
tween the  baffle  plates,  E  a  deposit  tank  for  water  and  dust  par- 
ticles, O  an  outlet  for  the  tank,  M-M'  variable  openings  between  the 
lower  ends  of  baffle  plates  D-D'  and  the  sidewalls  of  the  enclosing 


FIG.  18.  THE  FEDELER  ROTARY  GAS  WASHER 

chamlber  X-X.    K-G  are  water  supply  pipes  and  tanks,  and  A  is  the 
outlet  flue. 

The  gases  and  dust  content  are  drawn  through  flue  A,  imping- 
ing on  baffle  plate  D  over  which  a  stream  of  water  is  flowing  from 
water  supply  K-G.  The  baffle  plate  retards  and  changes  the  direc- 
tion of  flow  of  the  gases  and  the  dust  particles  are  caught  by  the 
baffle  plate  from  which  they  are  washed  by  the  water  stream  flowing 
over  the  plate  into  the  deposit  tank  E.  The  water  and  dust  con- 
tent runs  off  of  the  lower  edge  of  the  baffle  plate  and  the  gases  flow- 
ing through  opening  M  are  forced  through  the  water  curtain  formed 
at  this  point  thus  being  additionally  washed  or  freed  from  any  dust 
particles  which  did  not  adhere  to  the  baffle  plate.     An  additional 
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washing  is  obtained  by  the  similar  operation  of  opening  M'  and 
baffle  plate  D'  after  which  the  cleaned  gases  pass  out  through  outlet 
A'.  The  dust  and  water  in  tank  E  are  removed  through  outlet  O. 
Another  form  of  baffle  washer  (Fig.  10)  consists  of  an  outer 
shell  S  with  a  central  flue  F  and  a  number  of  cone-shaped  deflectors. 
D'  attached  to  the  outer  surface  of  flue  F,  alternating  with  inverted 
cone-shaped  deflectors  D  attached  to  the  inner  surface  of  shell  S. 
The  deflectors  D',  attached  to  the  central  flue  F,  are  closed  at  their 
centres  and  the  deflectors  D,  attached  to  the  shell  S,  are  open  at  their 
centers.  The  upper  end  of  the  flue  F  passes  through  the  top  of  shell 
S  forming  the  inlet  I  and  an  outlet  flue  O  is  provided  at  the  top  of 


FIG.   19.     THE   REVOLVING   DRUM   OF  THE   FEDELER   SEPARATOR 

shell  S.  The  gas  and  dust  content  enter  at  the  top  through  inlet  I 
and  pass  down  and  out  at  the  lower  end  of  central  flue  F  and  ascend 
between  flue  E  and  shell  S  through  the  deflectors  D-D'.  Water  is 
admitted  at  several  points  at  the  top  and  descends  in  cascades 
through  the  gas  space  falling  from  the  shell  deflectors  D  onto  the 
flue  deflectors  D'.  The  ascending  gas  is  retarded  and  its  direction 
changed  by  the  deflectors  D-D'  anil  the  dust  particles  are  caught  by 
the  deflectors  from  which  they  are  washed  by  the  descending  water 
streams  and  carried  down  into  the  deposit  tank  T  at  the  bottom  of 
shell  S. 

A  more  elaborate  form  of  baffle  separator,  embodying  the  prin- 
ciples in  the  foregoing  form  (Fig.  10),  is  known  as  the  American 
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washer  (Fig.  11),  and  is  in  successful  operation  in  a  New  York- 
Central  round  house  at  Chicago,  111.  It  consists  of  a  flue  system 
for  gathering  the  smoke  gases  and  dust  from  the  locomotives,  a  fan 
forcing  the  smoke  gases  and  dust  into  a  tank  of  water,  allowing  it 
to  pass  through  a  series  of  conical  plates,  arranged  one  above  the 
other,  with  their  lower  edges  on  a  plane  and  submerged  below  the 
level  of  the  water  in  the  tank,  each  alternate  cone  having  an  open- 
ing at  the  top  and  each  co-alternate  cone  being  closed  at  the  top. 
The  gases  and  dust  thus  pass  through  the  top  of  the  first  cone  and 
out  around  the  lower  edge  of  the  second  cone  into  the  third  cone  and 
so  on.  The  gases  are  thus  washed  of  their  dust  content  and  finally 
pass  off  through  the  vertical  flue  or  chimney  as  shown,  the  dust  re- 
maining in  the  water  in  the  tank. 


FIG.  20.  THE  BIAN  ROTARY  GAS  WASHER 


A  unique  form  of  baffle  separator,  the  Roessing  (Fig.  12),  con- 
sists in  suspending  in  the  flue  through  which  the  gases  and  dust 
pass,  a  very  large  number  of  steel  wires,  hung  very  close  together, 
their  lower  ends  being  free.  The  dust  in  the  passing  gases  is 
arrested  and  caught  by  and  adheres  to  the  suspended  wires  from 
which  it  is  dislodged  by  shaking  the  wires  at  stated  intervals,  falHng 
to  the  bottom  of  the  flue  and  from  there  gathered  up  and  removed. 
In  the  apparatus  shown,  the  wires  are  16  to  20  ft.  long,  ^  to  3/16  in. 
in  diameter  and  there  are  approximately  100,000  of  these  wives 
in  the  flue  (about  300  ft.  long). 

Another  form  of  separator  called  the  Impinging  washer,  operates 
on  the  principle  of  forcing  the  gases  and  dust  content  to  flow  in  one 
direction  against  a  sheet  of  water  flowing  in  the  opposite  direction. 
The  first  form  of  this  type  of  separator,  called  the  Coke  scrubber, 
consisted  of  a  cylindrical  sheet  metal  drum  or  tower  with  internal 
edges  for  the  support  of  trays,  on  which  was  loosely  piled  lump 
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coke.  Water  sprays  at  the  top  of  the  tower  sent  water  trickhng 
downward  through  the  lumps  of  coke,  while  the  gas  and  its  dust 
content  entered  at  the  bottom  of  the  tower  and  passed  upward 
through  these  same  spaces,  thus  bringing  the  dust  into  contact  with 
the  water,  which  washed  the  dust  from  the  gas  and  carried  it  to  the 
bottom  of  the  tower  while  the  cleaned  gas  passed  out  at  the  top 
of  the  tower. 


FIG.  22.     A  DIFFERENT  FORM   OF  ROTARY  DUST   SEPARATOR 


Various  improvements  were  made  in  this  form  of  separator,  of 
which  the  Zschocke  scrubber  (Fig.  13)  is  typical.  In  this  separator 
a  cylindrical  tower  A  is  filled  with  grids  B-B  placed  above  and  at 
right  angles  to  each  other.  Water  sprays  X-X  are  provided  at  the 
top,  a  gas  inlet  C  near  the  bottom  and  an  outlet  D  at  the  top.  The 
bottom  is  made  conical  and  has  a  central  outlet  S  dipping  into  a 
water  seal  in  a  tank  E.  The  gases  and  dust  content  pass  in  through 
inlet  C  and  up  through  grids  B-B,  the  arrangement  of  which  is  such 
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as  to  change  the  direction  of  the  gases  from  grid  to  grid.  In  pass- 
ing up  the  gases  and  dust  content  meet  the  falhng  water  from  sprays 
X-X.  The  grids  reduce  the  velocity  of  the  gases  and  change  their 
direction  and  the  dust  particles  are  caught  by  the  grids,  washed  off 
by  the  water  and  carried  to  the  bottom  and  deposited  in  tank  E,  the 
cleaned  gases  passing  out  through  outlet  D. 

Another  form  of  this  type  of  separator,  called  the  Duquesne 
spray  tower  (Fig.  14),  consists  of  a  cylindrical  tower  A  with  a  gas 
inlet  B  at  the  bottom  and  an  outlet  C  at  the  top.    Inside  the  tower  is 


FIG.  24.     A  FORM  OF  COMBINED  CYCLONE  AND   BAG  DUST  SEPARATOR 

placed  a  series  of  screens  D-D  and  water  jets  E-E,  as  shown.  The 
gases  and  dust  content  enter  at  inlet  B  at  the  bottom  and  pass 
through  the  water  sprays  and  screens.  The  dust  is  washed  out  and 
carried  by  the  water  to  the  tank  T  at  the  bottom  of  the  tower  and 
the  cleaned  gases  pass  out  through  the  outlet  C  at  the  top. 

All  of  the  foregoing  forms  of  separators,  are  what  may  be  termed 
fixed  separators,  that  is,  they  have  no  movable  parts,  and  are  low 
speed  in  operation. 

The  first  high  speed  rotary  separator  was  probably  the  ordinary 
centrifugal  fan,  the  fan  casing  being  provided  with  several  water 
spray  nozzles  for  injecting  water  into  the  gases.     The  fan  blades 
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picked  up  the  water  in  conjunction  with  the  indrawn  gases  and  their 
dust  content,  churned  them  into  intimate  contact  and  dashed  them 
jointly  against  the  casing.  The  water -and  dust  passed  to  the  bottom 
of  the  casing  and  the  cleaned  gas  passed  off  through  the  fan  outlet. 


FIG.  25.     ANOTHER    FORM    OF   COMBINED    CYCLONE   AND    BAG    SEPARATOR 


The  same  underlying  principle  holds  good  in  this  type  of  sep- 
arator. The  gases  and  dust  content  are  forced  at  a  high  velocity 
against  the  casing  which  acts  as  a  baffle  plate,  reducing  the  gas 
velocity  and  changing  its  direction,  the  dust  particles  being  caught 
by  the  walls  of  the  casing. 
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Very  many  forms  of  this  type  of  separator  have  been  devised.  A 
modification  of  the  simple  fan  arrangement  just  described  is  the 
Baldwin  separator  (Fig.  15).  It  consists  of  a  fan  casing  C  in  which 
is  a  rotating  fan  A.  Enclosing  fan  A  and  inside  casing  C  is  a  per- 
forated screen  D.  This  screen  is  arranged  in  such  manner  that  it 
divides  the  inner  chambers  of  casing  C  into  two  passages  K  and  E. 
The  fan  inlets  are  centrally  located  on  the  sides  of  the  casing  C  and 
the  outlet  at  H  as  shown.    A  tank  T  is  provided  at  the  bottom  of  the 


FIG.  26.     A   FORM   OF   ROTATING   BAG    DUST   SEPARATOR 

casing.  The  gases  and  their  dust  content  are  drawn  at  inlets  c-c 
into  the  interior  of  fan  A  which  imparts  to  them  a  high  centrifugal 
velocity.  The  gases  and  dust  content  impinge  at  a  high  velocity  on 
screen  D,  where  a  part  of  the  gases  and  practically  all  of  the  dust 
particles  are  blown  through  the  screen  into  passage  E  and  down  into 
tank  T  while  the  remainder  of  the  gases  freed  from  dust  particles 
flow  around  the  screen  and  out  through  outlet  K. 

Another  form  is  the  Theisen  washer  (Fig.  16).    It  consists  of  a 
shaft  9  which  carries  a  metal  drum  5.     A  number  of  plates  2-2 
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standing  at  an  angle  to  shaft  9,  and  forming  helical  vanes,  are  at- 
tached to  the  outer  surface  of  drum  5,  the  vanes  being  wider  at  the 
gas  inlet  end  1  than  at  the  outlet  end  4.  The  whole  is  enclosed  in 
a  casing  8  and  a  suction  fan  3  is  placed  on  shaft  9  at  the  outlet  end  4. 
Water  jets  6-6  are  provided  in  the  casing.  The  gases  and  dust  con- 
tent are  drawn  in  at  inlet  1  and  through  the  apparatus  by  fan  3.  The 
rotating  helical  vanes  2-2  act  to  resist  the  passage  of  the  gases  and 


FIG.  27.  AN  IMPROVED  FORM  OF  ROTATING  BAG  SEPARATOR 


retard  their  flow,  the  gases  and  dust  hugging  the  casing  beyond  the 
tips  of  the  vanes  due  to  centrifugal  action,  and  moving  in  a  spiral 
course  due  to  the  helical  shape  of  the  vanes.  Water  is  admitted  at 
the  fan  end  and  is  forced  against  the  surface  of  the  casing  and  flows 
in  a  spiral  course  but  in  a  direction  opposed  to  that  of  the  gases, 
insuring  an  intimate  contact  between  the  gas,  dust  and  water.  The 
inside  of  the  case  is  lined  with  a  coarse  wire  screen,  set  at  an  angle 
to  the  shaft,  acting  more  completely  to  mix  the  gas,  dust  and  water. 
The  gas  flow  is  retarded,  its  direction  changed  and    the    dust    is 
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caught  by  the  water  and  washed  down  into  a  tank  at  the  bottom  of 
the  apparatus. 

Another  form  is  the  Zellweger  washer  (Fig.  IT),  which  consists 
of  a  rotary  perforated  cylinder  A,  provided  on  its  outer  surface  with 
a  number  of  metal  vanes  K-K  and  on  its  inner  surface  with  a  filter 
ring  Z.  The  outer  edges  of  the  vanes  K  are  turned  to  form  gutters, 
one  end  being  open  and  the  other  closed.  This  cylinder  is  carried 
by  a  shaft  D,  the  whole  being  enclosed  in  casing  S.  A  number  of 
water  jet  pipes  are  passed  through  the  open  end  of  the  rotary  drum 
so  as  to  spray  water  on  the  inner  filter  ring.  The  gases  and  dust 
content  are  drawn  into  the  interior  of  the  rotating  drum  and 
through  the  filter  ring  and  perforated  drum  by  the  centrifugal 
action  of  the  vanes  K-K.  In  doing  so,  they  are  intimately  mixed 
with  the  water  spray  and  the  dust  is  washed  out  and  retained  by  the 
filter  ring,  the  gases  and  water  passing  through  the  perforated 
drum,  the  water  being  caught  by  the  trough  on  the  edges  of  the 
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FIG.  28.     A  CLOSED-ROOM   AIR    FILTER  WITH   CLOTH    SCREENS 

fan  blades,  through  which  it  goes  to  the  end  of  the  revolving  drum 
and  into  the  tank  at  the  bottom  of  the  apparatus  and  the  cleaned 
gases  pass  out  through  the  outlet  at  Z. 

Another  form  is  the  Fedeler  separator  (Figs.  18  and  19),  which 
consists  of  a  stationary  horizontal  metal  cylinder  through  which  the 
behind  the  other  on  a  shaft  and  surrounded  by  and  integral  with  a 
cylinder  drum  composed  of  inclined  longitudinal  vanes  set  at  an 
angle  to  the  shaft  and  closely  together.  The  combined  fans  and 
drum  are  enclosed  in  a  housing  with  an  inlet  at  one  end  and  an 
outlet  at  the  other,  also  an  outlet  at  the  bottom  for  the  collected 
dust.  =,.. 

When  the  drum  is  rotated  the  fans  draw  in  the  gases  and  content^ 
centrifugal  force  drives  the  dust  along  the  fan  blades  against  the 
vanes  forming  the  periphery  of  the  drum,  which  drives  it  out  and 
against  the  housing,  wdiere  it  falls  to  the  bottom  and  can  be  re- 
moved through  the  outlet  there  provided.  The  gas  or  air  freed 
from  its  dust  content  passes  out  at  the  outlet  end  of  the  apparatus. 

A  somewhat  different  form  is  the  Bian  gas  washer  (Fig.  20'^ .  This 
consists  of  a  series  of  fans  with  scoop  shaped  blades  arranged  one 
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gases  and  dust  content  pass  from  end  to  end.  Inside  the  cylinder 
there  slowly  revolves  a  shaft  carrying  a  number  of  vertical  discs  of 
wire  netting.  The  diameter  of  these  discs  is  sHghtly  less  than  the 
inside  diameter  of  the  cylinder.  To  the  extent  of  half  their 
diameter,  the  screens  dip  into  water  in  a  tank  formed  by  the  bot- 
tom of  the  cylindrical  shell.  A  gas  inlet  is  provided  at  one  end  and 
an  outlet  at  the  other  and  means  are  provided  for  emptying  the 
tank  of  its  contained  water  and  dust.    The  gases  and  dust  content 
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FIG.  29.     PRINCIPLE   INVOLVED   IN   THE   COTTRELL  ELECTRICAL 
PRECIPITATION  PROCESS 


enter  at  the  inlet  and  slowly  pass  through  the  moistened  rotating 
screen  discs,  where  its  velocity  is  checked  and  the  dust  particles 
are  caught  by  the  screens  and  carried  by  them  into  the  water  in  the 
tank  and  there  washed  off  the  screens. 

The  Kingwelton  washer  (Fig.  21)  consists  of  a  revolving  drum 
whose  surface  is  encased  in  a  filter  of  suitable  material,  usually  a 
coarse,  fuzzy  kind  of  open  mesh  burlap.  This  filter  drum  revolves 
at  a  slow  rate  of  speed,  its  lower  side  being  immersed  in  a  tank  of 
water,  the  whole  enclosed  in  a  housing  provided  with  an  inlet  as 
shown.     A  suction  fan  at  one  end  draws  the  air  or  gas  and  dust 
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content  through  the  wet  filter  drum  from  the  outside  to  the  inside. 
The  dust  is  caught  and  held  by  the  wet  filter  and  separated  from  the 
air  or  gas  which  passes  out  of  the  interior  through  the  exhaust  fan 
to  its  outlet.  The  dust  held  on  the  outer  side  of  the  filter  drum  is 
passed  slowly  through  the  water  tank  where  it  is  washed  off  and 
falls  to  the  bottom  of  the  tank. 


FIG.  30. 


A   DEMOXSTR.ATIOX    OF   THE   COTTRELL   PROCESS   OF 
PRECIPITATION    OF   DUST' 


Still  another  and  different  form  of  separator  is  one  devised  by  H. 
Brookins,  in  1891  (Fig.  22),  which  consists  of  a  casing  A  of  any 
desired  form,  provided  with  an  inlet  B  connecting  with  the  open- 
ended  metal  shell  D  in  which  is  mounted  a  shaft  E,  carrying  a  fan  F, 
whose  blades  G  have  their  edges  H  turned  at  right  angles  to  the 
radial  position  of  the  fan  blade. 

In  operation,  the  gases  and  dust  content  are  .drawn  by  the  fan 
through  the  inlet  into  the  interior  of  the  fan  which  by  centrifugal 
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action  forces  the  gases  and  dust  radially,  at  a  high  velocity,  against 
the  shell  D.  The  fan  blades  F  with  their  right  angled  edges  H  act 
as  scoops,  retarding  the  gas  velocity,  changing  its  direction  and 
catch  the  dust  particles  against  the  inner  faces  of  edges  H-H.  The 
gases  freed  from  dust  pass  out  through  the  open  ends  of  the  casing 
D  into  the  outer  case  A.  The  fan  blades  F  may  be  provided  with 
more  than  one  projection  H  spaced  one  below  the  other  in  order  to 
increase  the  efficiency  of  the  separator. 

Another  and  entirely  different  type  of  dust  separator  is  the  bag 
or  filter  system,  the  principle  involved  being  the  drawing  of  the 
gases  and  dust  content  through  a  wool  or  cotton  bag  which  filters 
the  dust  out  of  the  gases.  A  typical  bag  house  filtering  system  is 
shown  in  Fig.  23. 
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FIG.  31.  PRINCIPLE  OF  THE  HUFF  ELECTROSTATIC  DUST  SEPARATOR 


The  bag  house  consists  of  two  stories,  separated  by  a  floor  d.  The 
lower  story  or  cellar  C  is  where  the  dust  is  collected  and  the  upper 
story  C  contains  the  filter  bags,  e-e. 

The  bags  are  of  cotton  or  wool  fabric  and  are  fastened  at  their 
lower  ends  to  openings  or  thimbles  in  floor  d  and  are  suitably  sus- 
pended by  their  closed  upper  ends  from  the  ceiling  of  room  C.  The 
gases  and  dust  content  are  discharged  by  fan  blowers  through  inlet 
flue  A  into  cellar  C,  passing  thence  up  through  the  openings  in  floor 
d  into  bags  e-e,  where  the  dust  of  fumes  is  filtered  out,  the  gas 
passing  out  through  flue  X  at  the  top  of  the  building.  Suitable 
mechanism  is  provided  by  means  of  which  the  bags  are  shaken  at 
intervals  whereby  the  accumulated  dust  in  the  interior  of  the  bags 
is  dislodged  and  falls  through  into  cellar  C. 
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A  number  of  variations  of  this  type  of  dust  separator  have  been 
devised.  One  form  is  the  Raymond  separator  (Fig.  2i),  which 
is  a  modified  form  of  the  cyclone  separator,  and  consists  of  a  closed 
cylindrical  upper  section  with  a  tangential  inlet  and  a  number  of 
tubular  openings  in  its  bottom  and  a  conical  lower  section  with  a 
number  of  tubular  openings  in  its  top  and  an  outlet  at  its  lower  end. 
The  top  and  bottom  sections  are  separated  by  a  space  and  arc  con- 
nected by  a  number  of  tubular  filter  bags,  as  shown.  The  gases  and 
dust  content  are  forced  through  the  inlet  in  the  upper  section  enter- 
ing in  a  spiral  direction  and  pass  down  through  the  interior  of  the 


FIG.   Z2.     A   VIEW   OF   THE   HUFF    ELECTROST.\TIC    SEP.\RATOR 


filter  tubes,  the  gases  oozing  slowly  through  the  filters  and  the  du.^t 
being  caught  on  the  interior  of  the  filter  tubes,  finally  falling  into 
the  conical  lower  section  and  is  removed  through  the  outlet  at  its 
lower  end. 

Another  form  of  Raymond  separator  is  also  a  modified  cyclone 
(Fig.  25),  the  outlet  at  the  top  being  replaced  by  a  filter  bag.  The 
gases  and  dust  content  enter  the  cyclone  proper  through  a  tangential 
inlet  and  the  dust  is  deposited  on  the  inner  surface  of  the  cyclone  and 
the  gases  pass  slowly  out  through  the  filter  bag  where  any  remanent 
dust  is  filtered  out  by  the  bag  and-  falls  to  the  bottom  of  the  cyclone. 

Another  and  dififerent  form  is  the  Prinz  and  Rau  separator  (Fig. 
26),  which  consists  of  several  series  of  filter  bags  arranged  radially 
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around  a  central  flue.  They  are  held  by  a  rotating  frame,  their  outer 
ends  being  closed  and  their  inner  ends  open  to  the  central  flue.  The 
gases  and  dust  content  are  drawn  into  the  central  flue  and  pass 
slowly  through  the  walls  of  the  filter  bags,  which  extract  the  dust 
from  the  gases. 

Just  above  the  central  flue  is  a  dead  chamber  or  flue  extending 
through  the  apparatus  and  provided  with  a  spiral  conveyor.  Its 
upper  side  is  open  and  as  the  filter  bags  pass  over  it,  the  gases  from 
the  main  flue  are  automatically  shut  off  and  the  filter  bags  are  struck 
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FIG.  33. 


A  DESIGN  OF  THE  BALDWIN  ROTARY  DUST  SEPARATOR 
AND  COLLECTOR 


a  blow,  dislodging  the  dust  collected  in  their  interiors,  which  falls 
into  the  dead  chamber  and  is  carried  away  by  the  conveyor. 

The  Niagara  separator  (Fig.  27)  is  a  modification  of  the  Prinz 
and  Rau  separator.  In  addition  to  the  bag  system  it  is  enclosed  in 
an  outer  casing  with  a  longitudinal  inlet  extending  the  length  of 
the  machine.  The  air  or  gas  and  dust  content  enter  through  the 
inlet  and  circulate  in  the  circular  space  surrounding  the  filter  tubes. 
The  coarse  dust  is  deposited  in  the  outer  case  and  the  air  or  gas 
and  fine  dust  pass  through  the  bag  filters  as  already  described  in 
the  Prinz  and  Rau  separator. 

A  somewhat  unique  form  of  filtering  apparatus  consists  of  a  closed 
room  (Fig.  28)  with  two  doors  at  each  end,  those  at  one  end  open- 
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ing  in  and  those  at  the  other  end  opening  out.  Through  the  centre 
of  the  room,  dividing  it  into  two  parts,  is  a  zig-zag  frame  covered 
with  a  filtering  fabric.  The  inlet  doors  are  connected  with  an 
inlet  flue  and  the  outlet  doors  with  an  outlet  flue  and  suction  fan. 

In  operation  one  inlet  door  and  the  diagonally  opposite  outlet  door 
are  open  and  the  dust  laden  air  or  gas  is  drawn  through  the  filter 
until  it  becomes  clogged  or  filled  up.  The  doors  are  then  closed  and 
the  opposite  pair  opened,  when  the  dust  laden  air  or  gas  is  drawn 
through  the  filter  in  the  opposite  direction,  forcing  the  dust  from 
the  side  already  covered  and  filling  the  side  through  which  the  air 
or  gas  is  being  drawn.  This  operation  is  repeated  at  intervals,  the 
dust  falling  to  the  floor  of  the  room  from  which  it  is  removed  as 
desired. 


FIG.  34.     PARTS  OF  TYPICAL  BALDWIN  ROTARY  SEPARATOR  DISASSEMBLED 


A  radically  different  method  of  dust  separation  depends  on  the 
use  of  electric  action  for  its  operation,  and  is  known  as  the  electro- 
static method  of  dust  separation.  The  method  by  which  this  system 
operates  consists  in  passing  the  dust  laden  air  or  gases  between 
and  subjecting  them  to  the  influence  of  a  series  of  electrodes  of 
special  form,  one  set  of  which  is  connected  to  the  positive  pole  and 
the  oppoite  set  to  the  negative  pole  of  a  high  tension  (15,000  to 
70,000  volts)  direct  current  source  of  electricity. 

Due  to  the  high  tension  a  glow  or  brush  discharge  is  set  up  be- 
tween these  two  sets  of  electrodes.  On  account  of  this  high  ten- 
sion discharge  the  space  between  the  two  sets  of  electrodes  becomes 
filled  with  gaseous  ions  and  the  dust  particles  passing  through  this 
space  become  electrically  charged,  due  to  the  impingement  upon  them 
of  the  gaseous  ions.  The  charged  particles,  passing  through  the 
intense  electrical  field,  migrate  in  the  direction  of  the  field,  usually 
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transverse  to  the  flow  of  the  gases,  and  are  attracted  to  the  elec- 
trodes of  opposite  charge  to  which  they  adhere,  thus  being  removed 
from  the  gases  which  pass  on  and  out  of  the  apparatus  freed  from 
their  dust  content.  The  collection  electrodes  are  freed  from  the 
dust  particles  by  striking  them,  when  they  fall  into  the  collecting 
receptacles  below. 

A  well-known  system  operating  by  this  method  is  known  as  the 
Cottrell  electrical  precipitation  process  (Figs.  29  and  30).  It  has 
a  number  of  different  forms  according  to  the  character  of  the  dusts 
or  fumes  to  be  collected,  but  the  principle  involved  is  shown  by  the 
illustration  in  which  A  is  the  gas  and  dust  inlet  to  a  distributing 
main  B  provided  with  collecting  vessels  and  valves  F  for  the  re- 
moval of  the  precipitated  dust.     The  gases  and  dust  content  pass 


FIGS.   35    and   36. 


THE   BALDWIN  ROTARY  SEPARATOR  PARTLY  AND  FULLY 
ASSEMBLED 


from  main  B  upwards  through  cylindrical  tubes  or  collecting  elec- 
trodes C  into  outgoing  main  D  and  through  outlet  E.  Discharge 
electrodes,  consisting  of  wires  W  pass  centrally  up  through  each 
tube  C.  The  wires  W  are  carefully  insulated  from  tubes  C  and  are 
connected  to  one  pole  and  the  tubes  C  to  the  other  pole  of  a  high 
tension  source  of  electricity. 

Another  form  of  electric  separation  known  as  the  Huff  electro- 
static separator  (Figs.  31  and  32),  is  used  to  separate  pulverized 
minerals  differing  greatly  in  their  electric  conductivity.  When  a 
mixture  of  minerals,  such  as  pulverized  ore,  is  dropped  on  an 
electrically  charged  metallic  plate,  the  particles  of  the  better  con- 
ducting material  receive  their  electric  charge  instantaneously  and 
are  repelled  vigorously,  whereas  the  poorer  conducting  materials  re- 
ceive little  or  no  charge  and  are  slowly  repelled.  By  properly 
catching  the  repelled  portions  separately  from  the  unrepelled  por- 
tions a  separation  of  the  ingredients  is  effected. 
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In  the  diagram,  A  is  an  insulated,  revolving,  cylindrical,  collecting 
electrode  connected  to  one  pole  of  a  high  tension  (15,000  to  40,000 
volts)  source  of  electricity.  A  discharge  electrode  B  is  connected 
to  the  other  pole  and  a  "brush"  discharge  is  maintained  between 
them.  The  pulverized  material  is  fed  from  a  hopper  C  onto  the 
surface  of  the  revolving  electrode.  The  particles  of  the  material  are 
more  or  less  electrified  according  to  their  several  conductivities,  and 
are  more  or  less  energetically  repelled  from  the  roll.     By  means 


FIG.  38. 


INSTALLATION  OF  THE  BALDWIN   SEPARATOR  FOR  REMOVAL  OF 
DUST  AND   CINDERS   FROM  A   STACK  IN   BROOKLYN 


of  properly  placed  receptacles,  these  several  portions  are  repelled 
and  caught  in  these  bins,  separation  of  the  different  ingredients  be- 
ing thus  effected. 

There  are  a  few  typical  forms  of  dust  and  fume  separating  mech- 
anisms, of  the  very  many  and  varied  devices  which  have  been  de- 
signed for  this  purpose.  Most  of  the  foregoing  forms  of  separators 
have  been  ^designed  primarily  for  use  in  connection  with  the  gases, 
dusts  and  fumes  from  coal  combustion  and  blast  furnaces  and 
smelter  works,  and  while  more  or  less  efficient  for  these  purposes, 
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are  generally  high  in  first  cost,  bulky,  of  small  capacity  for  their 
size,  expensive  as  to  cost  of  upkeep  and  operation,  and  not  universal 
in  their  application  and  capability  of  separating  dusts  of  all  kinds 
from  all  sources.  ■ 

The  smoke  nuisance  and  its  suppression  and  the  elimination  of 
the  cinders  and  dusts  thereof,  while  extremely  prominent  and  re- 
ceiving a  great  deal  of  attention  at  the  present  time  is  only  a  small 
fraction  of  the  dust  separation  and  collection  problem,  and  other 
forms  of  dust  separators  are  necessary  to  satisfactorily  solve  the 
problem  of  universality  of  operation. 


FIG.  39.     .\    L.\RGE    INSTALLATION    OF    THE    BALDWIN     SEPARATOR     Foli 
REMOVAL  OF   DUST  FROM    SMELTER    GAS 

The  ideal  dust  separator  and  collector  should  be  able  to  separate 
and  collect  any  dust  from  air  or  any  gas ;  it  should  be  mechanical  in 
operation,  simple  in  design,  durable  in  construction,  compact,  and 
occupy  a  minimum  of  space ;  it  should  be  easily  applicable  to  the  air 
or  gas  and  dust  source;  should  be  low  in  first  cost;  low  in  cost  oi 
maintenance  and  operation  and  should  be  highly  efficient  in  opera- 
tion. 

Until  quite  recently  these  requirements  have  only  been  met  in  part 
by  any  of  the  dust  separating  mechanisms  heretofore  offered  for 
dust  separating  and  collecting  purposes,  all  falling  short  in  some 
of  the  above  stated  requirements,  and  in  nearly  ever\^  case  in  the 
requirement  of  high  efficiency  of  operation. 

Quite  recently,  there  has  been  introduced  a  dust  separator  and 
collector,  the  invention  of  Wm.  J.  Baldwin,  Honorary  Member  of 


204  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

the  Society,  which  appears  to  fill  all  of  the  requirements  of  such  a 
dust  separating  mechanism.  The  Baldwin  separator  (Figs.  33  to 
36),  consists  of  three  principal  parts:  a  suction  fan,  a  perforated 
cylindrical  drum  surrounding  and  forming  an  integral  part  of  the 
fan  and  revolving  therewith,  and  an  enclosing  shell  or  housing. 

In  the  diagrammatic  sectional  view,  A  is  the  inlet  for  the  air 
or  gas  and  its  dust  content,  F-F  is  the  rotating  fan,  R  is  the  per- 
forated drum  surrounding  and  forming  part  of  the  fan,  C  is  the 
housing,  I-I  is  the  outlet  for  the  cleaned  air  or  gases,  M  the  motive 


FIG.  40.     VIEW    SHOWING   DENSITY   OF   THE    SMELTER   GAS    BEFORE 
APPLICATION    OF    SEPARATOR 


i:)Ower  driving  the  fan,  S  is  a  water  spray,  and  D  an  outlet  for  the 
collected  dust. 

The  princi])le  of  operation  is  similar  to  that  of  a  centrifugal  ma- 
chine, such,  for  instance,  as  is  used  to  extract  syrup  and  water  from 
sugar,  in  sugar  making;  that  is  to  say,  centrifugal  force  is  utilized 
to  separate  the  dust  from  the  air  or  gas,  in  a  manner  similar  to  that 
in  which  the  syrup  and  water  is  separated  from  the  sugar  in  the 
centrifugal,  with  this  difference,  the  action  is  reversed;  whereas,  in 
the  sugar  centrifugal,  the  light  material  (syrup  or  water)  is  driven 
out  and  the  heavy  material  (sugar)  is  retained,  in  the  Baldwin  sep- 
arator, the  heavy  material  (the  dust)  is  driven  out  and  the  light 
material  (air  or  gas)  is  retained. 
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The  operation  of  the  separator  is  as  follows  :  The  air  or  gas  and 
dust  content  is  drawn  through  the  inlet  at  high  velocity  by  the  ro- 
tating fan  F-F  and  is  then  changed  in  direction  of  flow ;  centrifugal 
force  imparted  by  the  fan  blades  acting  on  the  dust  particles  in  the 
air  or  gas  throws  them  radially  and  at  a  high  velocity  against  the 
perforated  drum  R-R,  and  through  its  perforations  into  the  collect- 
ing chamber  X-X,  where  they  lose  their  velocity  and  pass  to  the 
bottom  of  the  chamber  and  out  through  outlet  D. 


FIG.  41. 


AX   INSTALLATION   OF  THE  BALDWIN   SEPARATOR   FOR 
PURIFICATION   OF  AIR  IN  A   LABOR-\TORY 


The  surrounding  housing  C-C  is  closed  and  the  air  or  gas  which 
fills  it  is  at  the  same  density  or  pressure  as  the  air  or  gas  in  the 
interior  of  the  perforated  drum  so  no  air  or  gas  passes  through  the 
perforated  drum,  but  its  direction  of  flow  is  changed  and  it  passes 
out  cleaned  of  its  dust  content,  through  the  outlet  I-I. 

It  will  be  seen  that  the  basic  principle  of  operation  is  very  per- 
fectly applied  in  this  machine.  The  air  or  gas  has  its  velocity  and 
its  direction  of  flow  changed  and  the  dust  particles  are  caused  to 
move  in  a  different  direction  from  the  air  or  gas  flow.  In  some  cases 
where  the  dust  particles  are  very  fine  and  of  light  weight,  it  is  neces- 
sary to  use  a  spray  of  water  S  to  wet  and  thus  add  weight  to  the 
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dust  particles  in  which  case  the  combined  water  and  dust  particles  are 
driven  through  the  perforated  drum  an('  into  the  collecting  chamber 
as  already  described. 

This,  in  brief,  is  the  Baldwin  dust  separator;  it  is  in  a  class  by 
itself  and  fulfills  all  the  requirements  of  a  universal  dust  separator 
and  collector.  It  will  completely  separate  any  dust  from  air  or 
gases ;  is  entirely  mechanical  in  operation ;  is  simple  in  design ;  dur- 
able in  construction ;  very  compact  and  occupying  a  minimum  of 
space ;  is  self-contained  and  easily  applicable  to  gas  and  dust 
sources;  is  low  in  first  cost  and  low  in  cost  of  maintenance  and  op- 
eration and  is  extremely  efficient  in  operation. 

The  extreme  compactness  of  this  apparatus  is  seen  in  the  illus- 
tration which  shows  the  bag  house  of  the  St.  Joseph  Lead  Co.  and 
the  corresponding  Baldwin  separator  (Fig.  37),  both  of  which  have 


FIGS.  42   AND  43.     DETAILS  OF  A  FORM   OF  THE   BALDWIN  ROTARY 
SEPARATOR  FOR  SHIP  PORT-HOLE  VENTILATION 


the  same  gas  capacity,  viz. :  about  260,000  cu.  ft.  of  gas  per  minute. 
The  bag  house  proper  is  216  ft.  long  by  56  ft.  wide  by  60  ft.  high, 
and  the  Baldwin  separator  occupies  a  space  of  25  ft.  long  by  25  ft. 
wide  by  15  ft.  high. 

The  separator  shown  in  Fig.  38  is  a  Baldwin  separator  installed 
at  the  Flatbush  Gas  Co.  power  plant,  Flatbush,  Brooklyn,  L.  I.  This 
separator  has  a  maximum  capacity  of  30,000  cu.  ft.  of  flue  gas,  at 
500  deg.  fahr.  per  minute  and  is  separating,  dry,  90  to  95  per  cent  of 
the  cinders  and  dust  from  the  boiler  flue  gases.  The  illustration 
shows  the  general  make-up  and  details  of  this  separator. 

Fig.  39  sliows  a  Baldwin  separator  installed  at  the  United  States 
Metals  Refining  Co.,  Chrome,  N.  J.  This  separator  has  a  maximum 
capacity  of  60,000  cu.  ft.  of  flue  gases  at  350  deg.  fahr.  and  sep- 
arates, with  water  and  spray,  95  per  cent  of  the  dusts  and  fumes 
from  the  smelter  gases,  all  of  a  high  commercial  value.  Fig.  40 
shows  the  density  of  the  smoke  or  gases  which  issue   from  the 
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chimney  at  these  works  and  which  will   ultimately  be   eliminated 
by  the  use  of  this  type  of  separator. 

Fig.  41  shows  a  Baldwin  separator  installed  at  the  Lederle 
Laboratory,  Pearl  River,  N.  Y.,  for  purifying  the  air  used  in 
ventilating  the  laboratory  buildings.  Figs.  42  and  43  show  a  form 
of  Baldwin  separator  for  use  in  ship  ventilation.  It  is  arranged 
to  fit  into  a  port  hole  in  the  place  of  the  glass  closure  and  oper- 
ates  to   draw   clean,   pure   air   from   the   outside   into   the   interior 


F1(J.  44.     A    DESIGN    OF    THE    BALDWIN    SEPARATOR    FOR    TABLE    USE,    TO 
PURIFY,  COOL  AND  MOISTEN  THE  AIR 


of  the  vessel,  at  the  same  time  excluding  all  dirt  and  water  spray. 
,  Fig.  44  shows  a  form  of  Baldwin  separator  arranged  for  office 
use,  for  purifying,  cooling  and  moistening  the  air. 

In  conclusion,  permit  me  to  say  that,  as  I  have  already  indi- 
cated, there  are  very  many  kinds  of  dusts;  good,  bad  and  indif- 
ferent; their  distribution  is  widespread,  and  the  recovery  "alue 
of.  many  of  them  is  very  great ;  the  dust  recovery  field  is  unlimited 
and  should  be  very  profitable  when  intelligently  handled  with  the 
right  kind  of  dust  separator. 
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APPENDIX 
Since  writing  this  paper  several  improved  mechanisms  and  meth- 
ods for  dust  eHmination  and  saving  have  appeared  which  appear  to 
be  worthy  of  notice.  There  are  three  systems  of  dust  separation 
which,  at  the  present  time  are  dominant : 
1.  The  bag  or  filter  system ; 


FIG.  45.     THE    AMERICAN    SUCTION    DUST    FILTER. 


2.  The  electrical  precipitation  system ; 

3.  The  centrifugal  dust  separating  system. 

The  improved  mechanisms  and  methods  here  referred  to  have  to 
do  with  the  bag  or  filter  system,  and  the  centrifugal  system. 

The  Bag  or  Filter  System.     Improved  forms  of  this  system  are : 

The  American  suction  dust  filter,  shown  in  Fig.  45,  the  U.  S. 

automatic  fine  dust  suction  filter,  shown  in  Fig.  46,  the  AUis-Chal- 
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mers  dust  collector,  shown  in  Fig.  47,  and  the  Perfect©  filter,  shown 
in  Fig.  48. 

All  of  these  mechanisms  operate  on  the  principle  of  drawing  or 
forcing  the  gases  and  dust  content  through  filter  bags  which  retain 
and  separate  the  dust  from  the  gases,  and  show  means  by  which 


^ 

1 

^^^^^^^y.^-^Ti^ 

9R 

i 

■  lBmwK^'^''^m'^~~~^^nm' 

^ 

R^     j^B^  ^^^^^^P^^ta^^^^^V^^^RkS^^fjf^^H 

T          ^H£i^^iiK>>J^^^^^feiH^b^\  1 

■-■ 

■"^  "  *"    '      ^^^^^B^^tei^^^^^kiiLl^^^H  m^i^wA 

^^^^^^  ^»'       *'- 

FIG.  46.     THE  U.  S.  AUTOMATIC  FINE  DUST  SUCTION  FILTER. 


this  system  can  be  greatly  compacted  in  the  space  which  it  occupies, 

and  by  which  the  dust  can  be  removed  from  the  filter  bags  and 

collected. 

The  Centrifugal  System.     Improved  forms  of  this  system  are : 
The  Buffalo  centrifugal  scrubber  as  shown  in  Figs.  49  and  50, 

and  the  Knowles  centrifugal  dust  separator,  as  shown  in  Figs.  51 

to  54. 
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The  Buffalo  centrifugal  scrubber,  shown  in  Figs.  49  and  50, 
consists  of  a  cylindrical  casing  provided  with  an  inlet  and  outlet  for 
the  gases,  in  which  is  located  a  double  centrifugal  fan  wheel,  the 
fans  being  separated  by  a  central  disc  which  forces  the  gases  to 
follow  a  path  from  the  inlet  side  around  this  central  disc  into  the 


FIG.  47.     DETAIL    VIEW    OF    THE    ALLIS-CHALMERS    DUST    COLLECTOR. 


circumferential  space  between  the  fan  and  the  casing  and  from 
thence  to  the  outlet  in  the  reverse  direction  through  the  fan  on  the 
other  side  of  the  disc.  During  this  passage  the  centrifugal  action 
forces  the  dust  in  the  gases  to  the  inner  surface  of  the  casing  where 
finely  divided  water  sprays  wash  it  from  the  gases,  which  pass  on 
to  the  outlet  freed  from  their  dust  content,  while  the  mingled  water 
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and  dust  passes  to  the  bottom  of  the  casing  and  from  thence  is 
removed  by  a  suitable  outlet. 

The  Knowles  centrifugal  dust  separator,  as  shown  in  Figs.  51  to 
54.  is  an  improved  form  of  centrifugal  dust  separator,  devised  by 


FIG.  48.     A    BATTERY    OF    FERFECTO   DUST    FILTERS    SHOWING 
MOUNTING   AND    CONNECTIONS. 


Mr.  E.  R.  Knowles,  which  can  be  applied  to  any  standard  centrifugal 
fan,  dispensing  with  the  necessity  of  a  special  fan  design,  and 
requiring  but  small  alterations  in  the  fan  housing,  bearings  and 
drive. 
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It  consists  of  a  suction  fan  A,  (Figs.  51  and  52),  whose  blades  1 
are  each  provided  with  a  perforated  circumferential  portion  2,  each 
forming  such  a  portion  of  the  circumference  as  will  leave  a  space 
or  opening  3  between  its  edge  and  the  next  succeeding  fan  blade, 
the  opening  being  approximately  equivalent  to  the  diameter  of  the 
perforations  4  in  the  perforated  circumferential  portion  of  the  fan 


FIGS.  49  AND   50. 


EXTERIOR  AND   DETAIL  VIEWS  OF  THE  BUFFALO 
CENTRIFUGAL   SCRUBBER. 


blades.  These  circumferential  portions  2,  may  be  made  a  part  of 
the  fan  blades  during  the  fan  construction  or  may  be  attached  to 
the  fan  blades  after  construction,  as  may  be  desired. 

The  fan  is  enclosed  in  a  housing  5  the  upper  half  of  which  is 
cylindrical  in  form  and  concentric  with  the  perforated  circumferen- 
tial portion  of  the  fan,  a  space  6  of  determined  dimension  being 
left  between  the  housing  and  the  fan  circumference. 
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The  lower  half  of  the  housing  5  forms  a  tank  or  box  7  whose 
sides  are  parallel  and  tangential  with  and  form  a  continuation  of  the 
upper  cylindrical  portion  of  the  housing.  The  ends  8,  9  of  the 
housing  are  re-entrant  cones  in  section  and  serve  as  closures  to  the 
housing  and  supports  for  the  shaft  bearings  and  also  for  the  driv- 
ing motor  if  desired,  and  by  their  special  arrangement,  as  inlet  and 
outlet  flues  10,  11  to  the  fan.  The  ends  of  the  tank  or  box  7  are 
formed  by  continuations  12,  13  of  the  housing.  The  tank  is  closed 
by  a  bottom  14  and  is  provided  with  a  cleaning  door  15  and  an  over- 
flow outlet.  This  arrangement  leaves  the  lower  half  of  the  fan 
open  and  exposed  to  the  tank. 


<-7 


FIG.   51.     DETAILS   OF   THE  KXOWLES   CENTRIFUGAL   DUST   SEP.\RATOR. 


The  operation  of  this  separator  is  as  follows :  the  air  or  gases 
and  dust  content  are  drawn  in  through  the  inlet  into  the  fan  and 
by  the  centrifugal  action  of  the  fan  the  gases  and  dust  particles 
are  forced  radially  at  high  velocity  against  the  perforated  circum- 
ferential portions  of  the  fan  blades.  The  housing  and  tank  form  a 
closed  box  and  consequently  the  gases  in  the  housing  and  tank  are 
practically  at  the  same  pressure  as  in  the  interior  of  the  fan,  the 
velocity  of  the  gases  in  a  radial  direction  is  checked,  as  none  can 
pass  through  the  perforations  in  the  circumferential  portions  of  the 
fan  blades  nor  through  the  openings  between  the  fan  blades. 

The  direction  of  the  flow  of  the  gases  is  changed  and  they  flow, 
freed  from  their  dust  content  along  the  inner  surface  of  the  per- 
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FIG.   52.     APPLICATION  OF  CENTRIFUGAL  DUST  SEPARATOR  TO  RADIAL 
RLADR   T\PF.    OF    FAN. 

forated  circumferential  portion.s  and  out  through  openings  00  into 
and  through  outlet  11. 

The  dust  particles,  being  free  to  move  in  the  gases,  by  virtue 
of  the  direction  and  velocity  imparted  to  them  by  the  fan  blades, 
continue  in  their  radial  direction  and  pass  through  the  perforations 
in,  and  the  openings  between  the  circumferential  portions  of  the 
fan  blades,  into  the  space  between  the  housing  and  the  fan  and 
llience  fall  or  are  driven  into  the  collecting  tank  or  bin*. 


FJ(,    53      APPLICATION    OF    CENTRIFUGAL    DUST    SEPAR.\TOR    TO    MULTI- 
BLADE   TYPE   OF    FAN. 
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This  form  of  centrifugal  separator  will  extract,  dry,  85  to  90 
per  cent  of  the  dust  content  of  the  air  or  gases.  By  providing  the 
outlet  with  a  filter  bag  system,  as  shown  in  Fig.  54,  a  total  dust 
extraction,  dry,  of  100  per  cent  can  be  obtained. 

Water  sprays  may  be  provided  for  use  in  case  it  is  desired  to 
wet  the  dust,  the  excess  water  passing  out  of  the  collecting  bin 
through  an  overflow. 


FIG.  54.     VIEW    OF  THE   CENTRIFUGAL   DUST    SEPARATOR 
WITH  FILTER  BAG  ATTACHED  TO  OUTLET. 


It  is  the  simplest  and  most  efficient  form  of  centrifugal  dust 
separator  yet  devised  and  due  to  the  fact  that  it  can  readily  be  ap- 
plied to  any  standard  form  of  fan  wheel,  see  Figs.  53  and  54,  it  re- 
quires no  special  design  of  fan  and  only  such  changes  in  the  housing 
of  the  fan  as  are  required  for  its  successful  operation,  making  it  of 
low  cost  of  construction;  little  more  than  the  standard  fan,  and  of 
practically  universal  application. 
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DISCUSSION 

J.  Irvine  Lyle  :  I  think  this  paper  is  the  most  complete  treatise 
on  the  subject  I  have  ever  seen.  I  have  been,  as  some  of  you 
know,  rather  intimately  connected  with  this  question  of  dust  for  a 
good  many  years  and  have  studied  the  problem,  and  I  think  we 
are  to  be  congratulated  on  the  fact  that  the  whole  science  of  the 
removal  of  dust  from  air  or  gases  has  been  presented  to  us  in  one 
concrete  paper  in  such  a  way  that  we  can  find  out  the  entire  history 
of  what  has  been  done  and  the  different  schemes  that  have  been 
tried. 

T.  B.  J.  Merkt:  I  would  like  to  ask  Mr.  Knowles  concerning 
the  statement  quoted  from  a  German  authority  as  to  the  tempera- 
ture above  which  the  annoyance  due  to  burnt  particles  of  dust  is 
perceptible?  I  understand  the  limiting  temperature  is  around  140 
deg.,  but  would  like  to  know  a  little  more  definitely. 

The  Chairman:  There  was  a  paper  presented  before  the  So- 
ciety some  four  or  five  years  ago  by  Konrad  Meier  on  the  dust 
proposition. 

J.  F.  McIntire:  I  move  that  Mr.  Knowles  be  given  a  vote  of 
thanks  for  presenting  this  very  excellent  paper.  Being  connected 
with  the  manufacture,  I  have  had  occasion  recently  to  find  out  that 
dust  collector  manufacturers  do  not  know  a  great  deal  about  this 
subject  themselves,  and  this  is  the  first  time  I  have  been  able  to 
find  anything  on  the  subject  that  I  thought  was  quite  worth  while. 
Therefore  I  oft'er  this  motion. 

The  motion  was  seconded  and  carried  unanimouslv. 


No.  483 

TME  PRESERVATION  OF  HOT  WATER 

SUPPLY  PIPE 

IN  THEORY  AND  PRACTICE 

By  F.  N.  Speller',  Pittsburgh,  Pa.  (Member) 

AND 

R.  G.  Knowland",  Boston,  Mass.  (Non-Member) 

THE  principles  involved  in  the  corrosion  of  iron  and  steel  have 
been  so  frequently  discussed  during  the  last  few  years  and  so 
clearly  enunciated  by  various  writers  that  a  further  attempt 
may  seem  a  little  unnecessary.  That  the  problem  is  not  yet  gen- 
erally understood,  however,  is  apparent  from  the  tendency  of  some 
writers  to  confuse  many  of  its  essential  facts.  Such  a  confusion  is 
not  warranted  in  view  of  our  present  knowledge  of  the  mechanism 
of  corrosion  and  of  the  factors  controlling  it.  There  are  a  few 
broad,  simple  principles  applying  to  every  case  of  corrosion  and 
these  will  be  briefly  discussed  with  particular  reference  to  hot  water 
supply  systems. 

THEORETICAL    CONSIDERATION 

With  reference  to  corrosion  it  is  possible  to  classify  any  par- 
ticular water  under  one  of  two  types  which  may  be  distinguished 
by  the  terms  active  and  inactive.  The  quality  of  activity  is  not 
primarily  dependent  upon  the  acid,  alkaline,  or  neutral  condition  of  a 
water ;  but  rather  upon  certain  dissolved  substances  which  exert  a 
modifying  influence  upon  the  universal  tendency  of  even  the  purest 
water  to  initiate  the  corrosion  process.  This  inherent  tendency  of 
pure  water  to  attack  metal  may  be  greatly  aided  in  those  cases 
where  dissolved  gases  exist  in  the  liquid ;  and  under  such  condi- 
tions the  term  active  typifies  its  corrosive  qualities.  An  inactive 
water  is  one  that  is  not  able  to  promote  in  any  marked  degree  the 
corrosion  of  iron.  The  sharp  boundary  between  the  behavior  of 
these  two  types   of   water   furnishes  a   sufficient   reason   for  thus 
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distinctively  classifying  them.  It  is  a  simple  matter  to  demonstrate 
the  fact  that  an  inactive  water,  after  a  few  minutes  aeration,  be- 
comes capable  of  great  damage  to  iron. 

Every  metal,  when  placed  in  water  is  subjected  to  a  certain  fixed 
tendency  to  go  into  solution.  This  effect  is  wholly  a  matter  of 
electrochemical  activity  and  varies  to  a  definite  extent  with  each 
metal.  The  initial  reaction  in  the  process  of  corrosion  of  iron  by 
water  is  exactly  analogous  to  its  solution  in  acid.  Water  exists 
in  the  liquid  state  not  only  in  the  form  of  its  molecule,  but  also  as 
ions.  These  are  formed  by  the  breaking  up  or  dissociation  of  the 
molecule  and  are  called  the  hydrogen  and  hydroxyl  ions,  the  former 
bearing  a  charge  of  positive  electricity,  and  the  latter  a  negative 
charge.  This  condition  has  been  represented  pictorially  in  Fig.  1,  A. 
All  water  is  broken  up  in  this  way  although  the  proportion  actually 
so  dissociated  is  extremely  minute.  Acids,  like  water,  are  ionized, 
but  to  a  far  greater  extent  into  hydrogen  ions  and  those  formed  from 
the  remainder  of  the  acid  molecule.  The  net  result  of  the  presence 
of  an  acid  in  water  is,  therefore,  to  increase  the  amount  of  positively 
charged  hydrogen  ions  present.  It  is  the  concentration  of  these 
hydrogen  ions  in  water  that  determines  its  ability  to  attack  iron ; 
indeed,  the  initial  speed  of  attack  is  proportional  to  the  number  of 
hydrogen  ions  in  the  water.  It  is  thus  easily  understood  that,  while 
pure  water  with  its  very  low  concentration  of  acid  ions  is  capable 
of  inducing  the  corrosion  of  iron,  water  containing  an  acid  will  be 
proportionally  more  ruinous  to  the  metal.  It  is,  therefore,  a  fact  that 
the  tendency  of  iron  to  corrode  depends  to  a  certain  degree  upon  the 
amount  of  acid  present  in  the  surrounding  water.  We  shall  show 
that  corrosion,  however,  may  be  arrested  even  in  a  distinctly  acid 
water.  With  this  in  view,  too  much  emphasis  cannot  be  laid  upon 
the  fact  that  we  must  recognize  two  definite  conditions  under  one  of 
which  water  acts  as  a  corrosive  liquid,  while  under  the  other  it  is 
harmless  to  metal. 

If  we  place  a  piece  of  iron  in  water,  a  multitude  of  tiny  electro- 
lytic cells  are  immediately  established.  The  currents  flow  through 
the  ionized  water  from  point  to  point  upon  the  surface  of  the  metal, 
these  points  often  being  distinguished  by  the  presence  of  surface 
impurities,  an  irregularity  of  finish,  or  some  similar  unusual  con- 
dition. In  Fig.  1-B,  the  initial  stages  of  corrosion  are  illustrated 
as  occurring  with  the  appearance  of  these  currents.  The  direction 
of  movement  of  the  ions  formed  by  the  dissociation  of  the  water 
should  be  particularly  noted ;  a  positively  charged  ion  will  always 
be  attracted  toward  a  negative  surface,  while  the  negative  ions  move 
in  an  opposite  direction. 
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The  first  stage  In  corrosloni 
the  appearance  of  the  ferrous 
lon(Fe  ) ;  the  hydrogen  Ions 
have  now  lost  their  charges 
and  are  molecular  gas  particles 
at  the  cathode.  They  will  stop 
further  action  unless  removed. 
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Further  corrosion  Is  now 
Impossible  since  all  the  oxygen 
has  been  consumed  in  converting 
the  ferrous  hydrate (Fe( OH )2) 
into  ferric  hydrate (Fe( OH )„)  or 
else  in  depolarizing  the  cathod- 
Ic  surf ace, as  follows: 
2H2  +  O2  =  2  HgO. 
Note  the  gas  film  over  the 
cathodlc  surface. 
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FIG.   1.     THE  ELECTROCHEMICAL  MECHANISM  OF  CORROSION 
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The  actual  destruction  of  metal  begins  as  shown  by  Fig.  1-C. 
Here  the  current  previously  established  is  removing  metallic  iron 
from  the  anodic  surface,  and  sending  it  into  solution  in  the  form 
of  its  ions ;  each  of  these  bearing  two  charges  of  positive  electricity 
which  cause  its  passage  toward  the  nearest  negative  surface  or 
cathode.  Its  progress  is  soon  arrested,  however,  as  it  meets  the 
negatively  charged  hydroxyl  ions  moving  in  the  opposite  direction. 
These  two  ions  combine,  their  charges  neutralize  each  other,  and 
ferrous  hydrate  is  formed.  The  appearance  of  ferrous  hydrate  and 
hydrogen  marks  the  first  external  evidence  of  corrosion. 

Meanwhile,  the  positively  charged  hydrogen  ions  have  reached  a 
negative  surface,  being  neutralized  there  and  forming  hydrogen  gas 
molecules.  These  molecules  unite  with  any  oxygen  present  to  form 
water ;  otherwise,  they  collect  over  the  cathodic  surface,  ultimately 
preventing  further  flow  of  current,  or  "polarizing"  it.  and  ending  the 
activity  of  corrosion  by  an  actual  congestion  of  its  processes.  It 
should  be  noted  that  the  presence  or  absence  of  oxygen  in  this  way 
determines  the  possibility  for  corrosion.  Thus,  an  inactive  water 
may  become  extremely  corrosive  or  active  upon  being  aerated. 

In  Fig.  1-D  is  illustrated  the  final  stage  of  rusting,  where  all  the 
dissolved  oxygen  has  disappeared  from  the  water.  Note  that  the 
.ferrous  hydrate  is  partly  oxidized  to  ferric  hydrate  or  rust.  The 
layer  of  hydrogen  on  the  cathodic  surface  has  finally  become  so 
dense  that  the  current  is  completely  polarized  and  no  further  cor- 
rosion will  be  possible  until  it  has  been  removed.  It  thus  becomes 
apparent  that  the  presence  of  dissolved  oxygen  in  no  sense  causes 
corrosion,  but  merely  aids  in  its  unimpeded  operation.  And  this 
holds  true  whether  the  water  is  pure  or  acidic. 

While  dissolved  oxygen  is  usually  the  factor  determining  the  rate 
of  corrosion,  attention  must  be  called  to  another  phase  of  the  prob- 
lem. This  involves  a  phenomenon  called  the  discharge  potential 
of  hydrogen.  Briefly  stated,  when  water  is  decomposed  by  an 
electric  current,  a  certain  difference  of  potential  is  required  for  the 
discharge  of  hydrogen  upon  the  cathode ;  and  this  voltage  depends 
upon  the  kind  of  cathode  in  question.  If  the  potential  required  for 
the  discharge  of  hydrogen  is  greater  than  that  available,  the  gas  will 
accumulate  about  the  cathodic  portions  of  the  metal  and,  unable  to 
discharge,  will  soon  polarize  the  process  of  electrolysis.  Since  the 
solution  of  iron  in  water  is  purely  an  electrochemical  phenomenon, 
as  has  been  demonstrated,  these  eflfects  must  be  considered  as  apply- 
ing strictly  to  every  individual  case  of  corrosion.  Although  the 
potential  difference  required  for  the  discharge  of  hydrogen  upon 
a  metal  is  a  very  small  quantity,  a  fraction  of  a  volt,  which  may  even 
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be  negative  in  value,  the  very  low  voltage  obtained  from  the  ioniza- 
tion of  iron  in  water  may  not  in  every  case  be  sufficient  to  compel 
such  an  effect.  But  if  salts  be  present  in  the  water  the  metallic  ele- 
ment of  which  can  be  plated  on  the  cathodic  surfaces  by  the  current, 
it  is  evident  that  the  nature  of  the  metal  deposited  will  raise  or 
lower  the  discharge  potential  and  hence  determine  whether  electroly- 
sis shall  continue  or  shall  cease : — in  other  words,  whether  cor- 
rosion may  occur. , 

As  an  extreme  case,  we  may  mention  arsenic  compounds  which 
are  well  known  to  act  in  preventing  the  corrosion  of  iron.  This 
effect  is  due  to  the  fact  that  arsenic  is  deposited  over  the  cathodic 
spots.  The  discharge  potential  of  hydrogen  on  arsenic  is  too  high 
to  be  overcome  by  the  feeble  current  resulting  from  the  corrosion 
process,  hence,  this  is  retarded  by  the  presence  of  an  arsenic  salt. 
Copper  salts,  on  the  other  hand,  promote  corrosion  owing  to  the 
low  discharge  potential  of  hydrogen  upon  this  metal. ^  The  im- 
portant point  to  be  kept  in  mind  is  the  fact  that  corrosion  is  purely 
a  matter  of  electrolytic  activity,  that  it  is  stopped  by  polarizing  the 
cathode  surfaces  by  any  means  available,  and  that  the  nature  of  the 
cathode  surface  of  itself  is  able  to  aid  or  to  hinder  corrosion.  These 
effects  and  their  bearing  upon  the  solution  of  metals  in  acids,  are 
admirably  discussed  in  the  paper  by  Watts'  and  Whipple  which  was 
presented  this  year  before  the  American  Electrochemical  Society.^ 

The  influence  of  the  discharge  potential  upon  corrosion  is  often 
of  paramount  importance ;  but  in  the  majority  of  cases  of  severe 
corrosion  inside  pipe  lines,  with  only  iron  in  contact  with  water  and 
no  metallic  salts  present,  the  cause  of  the  trouble  is  associated  only 
with  oxygen  gas  dissolved  in  the  water.  We  have  no  positive  proof 
that  corrosion  can  be  promoted  by  carbon  dioxide  or  by  any  other 
similar  gas  if  oxygen  is  not  present.  It  is  true  that  the  presence  of 
carbon  dioxide,  since  it  causes  acidity,  always  implies  a  tendency 
toward  corrosion,  but  if  oxygen  is  not  present  also  the  possibilities 
for  corrosion  are  very  slight.  All  our  experimental  evidence  goes 
to  show  that  the  minute  current  involved  in  the  rusting  of  iron  is 
too  feeble  by  itself  to  overcome  the  polarization  resulting  from  this 
process.  Hence,  continued  corrosion  will  be  impossible  unless 
oxygen  or  some  metal  or  salt  is  present  to  take  care  of  the  hydrogen 
film  that  builds  up  in  the  path  of  the  current.     It  is  very  evident 


1  It  is  obvious  tliat  if  a  powerful  current  from  external  sources  be  impressed  upon  a 
metal  surface,  the  discharge  potential  of  hydrogen  may  be  exceeded  many  times,  when 
an  extremely  rapid  loss  of  metal  will  result.  Herein,  we  find  the  cause  for  the  disastrous 
pffpct';  of  the  "stray"  currents  that  so  often,  in  a  very  short  time,  completely  ruin  piping 
installations. 

=  The  Corrosion  of  Metals  in  Acids,  by  Watts  and  Whipple,  Proc.  American  Electro- 
Chemical   Society,   1917. 
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that  oxygen  is  the  usual  depolarizer  met  with  in  ordinary  waters, 
and  that  we  must  therefore  consider  the  presence  of  this  gas  to  he 
the  key  to  the  vast  majority  of  cases  of  corrosion  of  iron  and  steel. 
If  oxygen  can  be  eliminated  from  water,  with  the  effect  of  rendering 
the  latter  inactive,  corrosion  in  pipes,  tanks,  boilers,  and  in  other 
similar  places  may  be  practically  prevented.  We  have  no  evidence 
upon  which  to  base  a  belief  that  the  acidity  of  a  water  modifies 
such  a  general  conclusion. 

Precisely  the  same  reasoning  indicates  that  the  corrosion  of  brass 
or  bronze  pipes  may  be  traced  to  identical  causes.  In  this  com- 
paratively rare  type  of  corrosion,  the  damage  arises  from  the  zinc 
being  dissolved  out  of  the  alloy.  The  result  is  a  very  weak,  honey- 
combed structure  which,  under  the  microscope,  is  seen  to  possess  the 
bright  reddish  color  of  copper.  Now  zinc  and  copper,  when  placed 
in  acidified  water,  form  an  admirable  "wet  battery,"  and  when  im- 
properly -alloyed  into  brass  may  give  a  combination  of  myriads  of 
tiny  electrolytic  cells.  It  follows,  therefore,  that  in  certain  suitable 
waters  the  corrosion  of  brass  may  occur  very  rapidly.  In  any  case, 
however,  it  is  important  to  consider  that  dissolved  oxygen  gas  plays 
the  same  part  in  aiding  the  corrosion  process  where  brass  pipe  is 
concerned,  that  it  does  in  the  case  of  iron  or  steel. 

In  closing  the  discussion  of  the  mechanism  of  corrosion,  let  us 
point  out  the  main  conclusions  to  be  drawn : — 

a.  That  corrosion  is  purely  an  electrochemical  phenomenon  due  to 

the  fundamental  nature  of  water  itself,  but  aided  by  even  a 
very  minute  acidity ; 

b.  That  corrosion  is  promoted  and  made  progressive  and  continu- 

ous by  the  action  of  dissolved  oxygen  in  water ;  the  gas  acting 
as  a  depolarizer  and  thereby  carrying  on  the  activity  of  the 
corrosion  process ; 

c.  In  domestic  water,  dissolved  oxygen  is  the  only  depolarizer  or 

activator  present,  hence  the  term  Deactivator  may  be  applied 
to  describe  the  apparatus  used  to  remove  dissolved  oxygen 
from  water. 

PRACTICAL  CONSIDERATIONS 

A  practical  method  of  taking  advantage  of  these  peculiarities  of 
corrosion  in  hot  water  supply  pipe  was  discussed  last  year  in  a 
paper  on  the  subject  by  one  of  the  present  writers.^  It  was  shown 
that  by  keeping  hot  water  under  pressure  in  contact  with  a  large 


1  A  Method  for  Practical  Elimination  of  Corrosion  in  Hot  Water  Supply  Pipe,  by 
F.  N.  Speller;  Journal  of  The  American  Society  of  Heating  and  Ventilating  Kngi- 
NEERS,   January,   1917,   page    149. 
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surface  of  iron  for  a  sufficient  length  of  time  it  is  possible  to  remove 
and  "fix"  the  oxygen.  It  is  this  process  of  fixing  the  oxygen  that 
renders  water  practically  inactive  or  non-corrosive.  The  successful 
adaptation  to  practical  uses  of  this  method  was  shown  by  diagrams 
of  two  plants  which  are  in  actual  operation.  These  are  located, 
respectively,  at  the  Irene  Kaufmann  Settlement  in  Pittsburgh  and 
at  the  Research  Laboratory  of  the  National  Tube  Company  in 
McKeesport,  Pa.  Data  were  given  to  indicate  the  great  reduction  in 
the  amount  of  dissolved  oxygen  in  the  water  after  passing  through 
the  apparatus ;  and  a  number  of  tests  were  cited  to  show  the  bene- 
ficial results  obtained.  A  recent  examination  shows  that  no  ap- 
preciable corrosion  has  occurred  in  the  pipes  carrying  the  deactivated 
hot  water  at  these  plants.  On  the  other  hand,  there  has  been  a  great 
deal  of  trouble  connected  with  other  pipes  in  the  same  buildings 
which  carry  hot  water  not  treated  by  the  deactivator  systems.  The 
sheet  iron  with  which  the  heating  tanks  are  packed  has  not  yet  given 
out  and  is  apparently  as  active  as  ever  after  two  years'  service. 

Because  of  the  manifest  advantages  of  this  method  of  preserving 
the  hot  water  piping  in  apartments  and  similar  situations,  it  was 
decided  to  install  a  plant  larger  in  capacity  than  those  in  Pittsburgh 
and  McKeesport.  The  apartments  at  Hemenway  Terrace,  Boston, 
Mass.,  were  selected  as  affording  typical  conditions ;  and  the  instal- 
lation was  made  by  the  Research  Laboratory  of  Applied  Chemistry 
of  the  Massachusetts  Institute  of  Technology  acting  in  co-operation 
with  the  Research  Department  of  the  National  Tube  Company. 

The  hot  water  supply  at  Hemenway  Terrace  is  furnished  by  two 
heating  and  circulating  systems,  each  complete  in  itself  and  sep- 
arate from  the  other.  The  amount  of  water  heated  is  about  the 
same  for  each  system  and  reaches  a  week-day  maximum  of  about 
650  gal.  an  hour.  The  deactivator,  which  went  into  operation  on 
March  15,  1917,  was  placed  on  one  of  the  supply  systems,  thus 
leaving  the  other  free  for  purposes  of  comparison.  It  consisted  of 
a  Gurney  coal-fired  heater,  a  treating  and  storage  tank,  and  a  filter 
as  shown  by  Fig.  2.  The  tank  was  built  with  a  42  in.  flanged  head, 
thus  permitting  easy  packing  of  the  Cambridge  metal  lath  with  which 
the  tank  was  filled  in  horizontal  layers  from  bottom  to  top.  In 
circulation,  as  the  arrows  indicate,  the  water  passes  from  the  heater 
up  into  the  deactivating  tank  where  it  makes  contact  with  the  sheet 
metal  at  a  high  temperature.  It  moves  through  this  slowly  as  cooling 
currents  or  water  from  the  cold  supply  urge  it,  and  back  into  the 
heater  or  off  through  the  house  supply  line. 

The  hot  water  house  supply  pipe  leaves  the  tank  at  the  top  and 
passes  to  the  filter,  part  of  its  contents  being  shunted  off  through  a 
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coil  in  the  filter  bed.  A  constant  circulation  of  hot  water  in  this 
coil  makes  it  impossible  for  the  filter  to  reach  a  temperature  notably 
lower  than  that  in  the  deactivating  tank  itself.  Through  a  four-way 
valve  at  the  top  of  the  filter,  the  water  for  circulation  in  the  house 
system  passes  into  the  space  above  the  filter  bed  and  down  through 
the  sand  into  a  chamber  at  the  bottom.  In  this  passage,  the  rust 
formed  in  the  deactivation  of  the  water  is  wholly  removed.  The 
house  supply  is  withdrawn  through  the  vertical  pipe  in  the  center  of 
the  filter,  while  the  gravity  return  line  entering  at  the  bottom  pro- 
vides for  a  continuous  circulation  of  water.  It  is  thus  apparent  that 
we  have  three  complete  and  independent  systems  of  circulation:  (1) 
the  one  between  the  heater  and  tank,  (2)  that  between  the  filter  and 
tank  for  keeping  the  former  hot,  and  (3)  the  house  and  filter 
system. 

The  success  of  the  apparatus  in  removing  the  dissolved  oxygen 
from  the  heated  water  is  shown  in  Table  1.  That  this  removal  of 
oxygen  is  accompanied  by  highly  beneficial  results  will  be  under- 
stood from  a  comparison  of  present  and  past  conditions  at  the  apart- 
ments. When  the  deactivator  was  placed  in  operation,  each  hot 
water  system  had  been  in  service  for  about  eleven  years.  The  one 
which  we  are  particularly  considering  had  been  the  source  of  great 
trouble  and  complaint  and  pipes  were  giving  way  very  frequently.  It 
had  also  been  necessary  to  place  three  plugs  in  the  supply  tank  where 
corrosion  had  caused  the  formation  of  large  pits  which  broke 
through  the  metal.  Everything  in  fact  pointed  toward  the  rapid 
destruction  of  the  system.  When  the  deactivator  was  installed,  these 
sources  of  annoyance  immediately  ceased ;  and  since  that  date  no 
replacements  have  been  necessary.  On  the  other  hand,  the  system 
which  was  not  equipped  with  a  deactivator  went  completely  to 
pieces  in  a  few  weeks'  time.  Fifteen  holes  in  the  tank  were  plugged, 
and  finally  it  became  necessary  to  replace  this  bodily,  the  destruction 
of  pipe  in  that  system  continuing  as  before. 

In  removing  contiguous  piping  for  installing  the  apparatus,  it  was 
found  that  it  was  almost  completely  filled  with  rust  and  dirt  of 
various  kinds.  The  superintendent  of  the  building,  Mr.  R.  W. 
Haines,  after  four  months'  use  of  the  deactivator,  reported  that  the 
pressure  throughout  the  house  has  doubled.  That  this  is  due  to 
the  cleansing  effect  of  the  water  is  certain,  since  for  two  months 
after  the  apparatus  was  put  into  operation  the  hot  water  showed  a 
distinct  coloration. 

Table  2  has  been  inserted  to  afford  an  idea  as  to  how  corrosion  in 
a  hot  water  supply  system  apportions  itself  between  the  tank  and 
the  pipe-lines.     This  table  is  based  upon  data  obtained   from  the 
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system  that  is  not  provided  with  a  deactivating  tank.  The  differ- 
ence between  the  dissolved  oxygen  content  in  the  cold  water  and  that 
in  the  hot  water  (analyses  taken  at  the  tank)  will  indicate  the 
amount  of  corrosion  within  the  supply  tank  as  compared  with  that 
which  occurs  in  the  lines  when  the  hot  water  is  passing  through 
them.  The  fact  that  several  times  as  much  metal  is  rusted  away  in 
the  tank  as  in  the  piping  would  be  predicted  from  the  higher  tem- 
perature of  the  former  and  the  fact  that  the  hot  water  is  in  contact 
with  the  tank  for  a  considerable  time  before  being  drawn  into  the 
piping  system. 
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From  the  standpoint  of  economy,  the  use  of  the  deactivating  sys- 
tem is  recommended  by  its  results.  It  is  much  cheaper  and  vastly 
more  convenient  to  corrode  away  a  hundred  pounds  of  sheet  metal 
in  the  basement  than  the  same  w-eight  of  piping  in  miscellaneous  loca- 
tions throughout  the  house.  The  question  as  to  how  long  the  sheet 
metal  will  last  can  no  more  be  answered  than  one  as  to  the  life  of  a 
hot  water  system  before  it  has  been  tried  out.  However,  it  has  not 
been  necessary  to  replace  the  sheets  in  two  years'  operation  of  one  of 
these  plants.  Furthermore,  such  a  question  is  relatively  unim- 
portant, since  the  economy  of  using  the  sheet  metal  does  not  depend 
upon  its  cost.  The  real  advantage  of  the  deactivator  lies,  as  we  have 
suggested,  in  the  fact  that,  without  regard  to  its  own  cost,  a  material 
is  wasted  that  is  ahvays  somewhat  cheaper  than  pipe ;  and  that  the 
danger,  annoyance,  and  expense  of  replacing  corroded  piping  is 
largely  circtrmvented.     The  latter  are  very  real  problems  as  all  real 
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TABLE  1.      RESULTS  IN  REMOVAL  OF  DLSSOLVED  OXYGEN 


April 
May 
June 
July 


Temp,  in 

Deg.  fahr.  Oxygen  in  cc  per  liter 

Month (Average) Cold Hot 

March    163  8.39  0.11 

174  8.12  0.05 

175  6.97  0.07 

176  5.66  0.00 

185  4.56  0.00 

August 163  3.91  0.00 

September   148  4.33  0.00 

October   182  4.87  0.45* 

November 155  6.16  0.26* 

•  This  value  is  not  an  average  for  the  month,  but  was  taken  at  a  time  of  severest 
demand  when  the  requirements  probably  amounted  to  1,200  gal.  per  hour.  The  system 
was  designed  for  a  maximum   of  650  gal.   per   hour. 

In  summer,  there  is  less  dissolved  oxygen  in  water  than  in  winter;  the  phenomenon 
being  due  to  the  lower  solubility   of  gases  in   water  at  the  higher  temperatures. 


TABLE   2.       AMOUNTS  OF  DISSOLVED  OXYGEN  DETECTED  IN   SYSTEM    NOT 
EQUIPPED  WITH  DEACTIVATING  TANK 


Temp,  in 

Deg.  fahr.  Oxygen  in  cc  per  liter 

Month (Average) Cold Hot 

March    176  8.29  2.26 

April    158  8.12  1.58 

May    141  6.97  1.69 

June    144  5.66  2.01 

July    144  4.56  2.32 

August  148  3.91  1.45 

September 138  4.33  1.53 

October    120  4.87  3.76 

November    138  6.16  3.02 

The  average  of  65  analyses  on  the  deactivating  system  shows  that  a  final  oxygen 
content  of  0.06  cc  per  liter  is  to  be  expected  in  the  deactivated  water,  starting  with  an 
initial   content   of  6.41   cc  per   liter. 

The  same  number  of  analyses  on  the  non-deactivating  system  shows  a  final  oxygen 
content  of  1.74  cc  per  liter  with  an  initial  content  of  6.41  cc  per  liter. 

The  theoretical  increase  in  life  of  tank  and  piping,  therefore,  when  equipped  with 
a  deactivator  will  be  1.74  /  0.06  =  29  fold.  This  theoretical  increase  is  affected  by  the 
fact  that  corrosion  is  not  always  uniform,  but  is  usually  accompanied  by  pitting  which 
is  the  actual  destroyer  of  the  tank  and  piping.  It  goes  without  saying,  however,  that 
the  deactivator  will  increase  the  life  of  a  hot  water  supply  system  many  times.  Conser- 
vative estimates  would  make  the  increased  usefulness  of  the  apparatus  lie  between  five 
and  fifteen  fold,  depending  upon  local  conditions  of  the  installation.  Such  an  estimate 
obviously  holds  only  for  plants  designed  in  the  proper  proportions  based  mainly  upon 
the    character,    maxinnmi    hourly    consumption,    and    the    temperature    of    the    water. 
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estate  owners  are  well  aware.  Their  elimination  would  do  much  to 
relieve  one  of  the  serious  causes  of  complaint  by  tenants  in  apart- 
ment houses  and  hotels. 


GENERAL   APPLICATION 


The  effectiveness  of  this  method  of  oxygen  removal  is  obviously 
not  limited  to  installations  of  steel  or  of  wrought  iron  pipe,  although 
practical  considerations  of  cost  would  suggest  its  use  in  systems 
over  a  certain  size  in  combination  with  steel  pipe  as  forming  the 
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FIG.  3.     SKETCHES    OF    THE     HOT     WATER    SYSTEM    IN    THE    APARTMENT 

HOUSE   IN    BOSTON,   SHOWING   FREE   OXYGEN   IX   WATER 

(CCS    PER   LITRE)    AT   VARIOUS    POIXTS 


most  economical  layout.  As  considerations  already  discussed  would 
indicate,  the  life  of  brass  or  of  bronze  pipe  may  likewise  be  greatly 
increased  by  the  removal  of  dissolved  oxygen  from  the  water.  While 
it  is  true  that  under  the  usual  conditions  of  service  brass  is  com- 
paratively durable,  it  is  very  often  subjected  to  severe  corrosion 
which  is  not  apparent  until  failure  occurs.  With  galvanized  iron, 
on  the  other  hand,  the  first  evidence  of  rusting  is  found  in  the  ap- 
pearance of  discolored  water  long  before  the  pipes  are  seriously 
damaged.  There  are  many  localities  where  the  water  is  alkaline  and 
hard  to  such  a  degree  as  to  prevent  serious  corrosion  even  in  the 
hot  water  lines.  In  the  large  majority  of  cases,  however,  it  would 
appear  that  the  protection  of  a  hot  water  supply  system  by  deactiva- 
tion of  the  water  should  be  undertaken  as  a  matter  of  common 
precaution. 


228  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers   . 

APPENDIX 

SECOND  IRENE  KAUFMANN  SETTLEMENT  CORROSION  TEST 

A  .test    of    Comparative    Resistance    of    Wrought    Iron    and    Steel    Pipe    to 
Corrosion  when  used  in  a  Hot  Water  Supply  System 

Pittsburgh  Testing  Laboratory,  Pittsburgh,  Pa. 

April  10,  1918. 

This  test,  the  second  one  at  the  Irene  Kaufmann  Settlement,  was  started 
October  25,  1916,  and  was  continued  until  December  24,  1917.  The  test  was 
supervised  by  F.  N.  Speller,  metallurgical  engineer,  National  Tube  Com- 
pany, and  Jas.  O.  Handy,  director  of  departments  of  chemistry,  metallurgy 
and  mining,  Pittsburgh  Testing  Laboratory. 

The  first  failure  by  perforation  occurred  Dec.  10th.  The  line  was  kept 
in  service  until  Dec.  24th  by  clamping  a  patch  over  the  perforation. 

Ungalvanized  2-in.  pipes,  in  31-in.  lengths,  were  used.  They  were 
connected  as  follows  in  series,  in  the  horizontal  part  of  the  line  from  the 
hot  water  storage  tank  to  the  shower  baths : 


BRANDS  OF   PIPE  USED 

National  steel  Lap  Weld Piece  No.  1 

Wrought  iron  A  Butt    Weld "  No.  1 

Wrought  iron  B  Lap   Weld "  No.  1 

National  steel  Butt    Weld "  No.  1 

Wrought  iron  A  Lap    Weld "  No.  1 

National  steel  Lap   Weld "  No.  2 

Wrought  iron  A   Butt   Weld "  No.  2 

Wrought  iron  B   Lap   Weld "  No.  2 

National  steel    Butt   Weld "  No.  2 

Wrought  iron  A  Lap  Weld "  No.  2 

National  steel  Butt   Weld "  No.  3 

National  steel  Lap    Weld "  No.  3 

The  pipes  were  connected  by  couplings,  except  in  the  case  of  one  union 
between  wrought  iron  A  Butt  No.  2,  and  wrought  iron  B  Lap  No.  2.     The 

chemical  analyses  of  the  pipes  -which  were  used  were  as  follows : 


75183 


75187        75184 


75185        75186 


Nat. 
Lap 

0.11 
0.10 


Slag  and  oxides,  per  cent. 
Carbon  by  comb.,  per  cent. 

Manganese,  per  cent 0.30 

Phosphorus,    per   cent 0.102 

Sulphur,    per    cent 0.054 


Nat. 
Butt 

0.15 

0.04 

0.31 

0.072 

0.041 


wrought 

iron   A 

Butt  No.  1 

1.96 

0.02 

0.04 

0.122 

0.023 


wrought 

iron   A 

Lap  No.  2 

1.54 

0.045 

0.04 

0.099 

0.017 


wrought 

iron   B 

Lap  No.  1 

2.22 

0.04 

0.04 

0.231 

0.019 


VOLUME   OF   WATER   USED 


The  quantity  of  water  used  was  not  measured,  but  was  about  600  gal.  per 
day,  or  approximately  252,000  gal.  in  all.  The  water  was  the  Pittsburgh 
city  supply,  which  is  taken  from  the  Allegheny  River,  and  filtered  and  ster- 
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ilize<l.     It  is  free  from  suspended  matter,  and  contains  no  corroding  agents 
except  dissolved  oxygen  and  carbon  dioxide. 

relative  corrosion 

All  of  the  pipes,  both  wrought  iron  and  steel,  including  butt  weld,  as  well 
as  lap  weld,  showed  corrosion  by  pitting.  The  number  of  pits  and  their 
general  shape  and  size  is  shown  by  the  photographs  made  after  the  pipes 
had  been  cut  in  half  lengthwise,  and  the  loose  rust  removed.  It  may  be 
observed  that  while  the  j)its  in  the  wrought  iron  pipe  tend  in  general  to 
show  an  elongated  and  somewhat  connected  form  resembling  grooves,  there 
are  individual  pits  which  are  quite  as  large  and  as  deep  as  any  of  those 
found  in  the  steel  pipe. 

Comparative  measurements  were  made  as  follows :  1st :  Depth  of  the 
deepest  pit;  2nd:  Average  of  the  five  deepest  pits;  3rd:  Average  of  the 
five  next  deepest  pits ;  4th  :     Average  of  averages. 

table  1.     comparativi;  measurements  on  various  lengths  of  pipe 

Average  Average  Average 

Deepest  of  10  pits         of  5  deepest         of    5    next 

Specimen  pit,  in.         measured,   in.  pits,   in.  deepest,  in. 

Wrought  iron  B,  No.  1 ... .  0.131  0.111  0.121  0.101 

Wrought  iron  B,  No.  2....  0.122  0.110  0.116  .0.104 

Wrought  iron  A  Butt,  No.  1  0.141  0.109  0.125  0.097 

Wrought  iron  A  Butt,  No.  2  0.150  0.130  0.136  0.123 

Wrought  iron  A  Lap,  No.  1  0.150  0.127     '  0.133  0.119 

Wrought  iron  A  Lap,  No.  2  0.135  0.113  0.130  0.113 

National  Butt,  No.   1 0.139  0.114  0.126  0.102 

National  Butt,  No.  2 0.150  0.136  0.146*  0.125 

National  Butt,  No.  3 0.115  0.102  O.llOt  0.096 

National  Lap,   No.    1 0.131  0.113  0.125  0.101 

National   Lap,   No.  2 0.115  0.104  0.111  0.097 

National   Lap.   No.   3 0.134  0.113  0.120  0.103 

•Two  holes  pitted  through;  pipe  under  standard  thickness,  with  heavy  scale  on  inside. 
t  Practically  no  scale  on  this  section. 

TABLE    2.      SUMMARY   OF    PITTING 


Specimen  Deepest, 

Wrought  iron  B  Lap  Weld 0.131 

Wrought  iron  A  Butt  Weld 0.150 

Wrought  iron  A  Lap  Weld 0.150 

National    Butt    Weld 0.150 

National    Lap    Weld 0.134 


Average    of 
irst   five,    in. 

Average  of 
second  five,   in. 

0.124 

0.102 

ai38 

0.115 

0.132 

0.116 

0.127 

0.108 

0.118 

0.104 

These  measurements,  when  summarized,  show  no  significant  differences, 
in  the  depth  or  extent  of  pitting,  between  the  steel  and  iron  pipe.  The 
slight  dififerences  shown  are  in  some  cases  in  favor  of  the  wrought  iron, 
and  in  other  cases  in   favor  of  the  steel. 

The  striking  fact  which  was  shown  was  that  in  14  months,  in  a  hot  water 
service  line,  both  wrought  iron  and  steel  pipes  were  corroded  by  pitting 
to  a  depth  sufficient  to  cause  actual  perforation  in  the  thinner  walled  steel 
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pipe,    and    to    an   equal    depth    without    perforation    in    thicker    walled    steel 
and  iron  pipes. 

ACCELERATING  EFFECT  OF  ROLL  SCALE 

While  the  corroding  agent  causing  the  pitting  of  the  pipes  was  dissolved 
oxygen    (and    carbon    dioxide),    it    was    oibserved    that    the    pits    were   most 


FIG.   4. 


SIX    SPFXIMENS    OF    NATIONAL    PIPE    AT    TOP,    FOUR    SPECIMEInTS 
OF  WROUGHT  IRON  A  IN  MIDDLE  AND  FOUR  SPECIMENS 
OF  WROUGHT   IRON   B   BELOW 


numerous  and  deepest  where  there  had  been  adherent  roll  scale  adjacent 
to  the  pits.  In  other  words,  the  corrosion  had  been  accelerated  by  the 
difference  in  electrical  potential  between  the  magnetic  oxide  of  iron  of 
which  the  roll  scale  is  composed,  and  the  iron  or  steel  exposed  at  points 
where  the  roll  scale  had  cracked  or  fallen  away.  The  galvanic  action  thus 
brought   about   had   localized    the   corroding   effect   in    the    form    of    pits   of 
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various  shapes  and  sizes.  If  the  test  had  been  continued  a  month  longer, 
all  of  the  pipes  would  have  been  perforated.  The  depth  of  the  deepest  pit 
at  the  time   that   the   test   was   discontinued    nearly   equalled   in    every   pipe 

the  thickness  of  the  wall. 


^m.mF^;"'  ". ijiiMwpwigeawxy «<*.<» 


FIG.  5   .   SIX  SPECIMENS   OF  NATIONAL  PIPE  AT  TOP.  FOUR  SPECIMENS  OF 

WROUGHT  IRON  A  IN  MIDDLE  AND  FOUR  SPECIMENS  OF 

WROUGHT    IRON    B    BELOW 


PROTECTING   EFFECT   OF    SCALE   REMOVAL 


As  shown  by  the  photographs,  two  pipes  in  each  set.  with  the  exception 
of  the  Xational  and  wrought  iron  A  Lap  Weld,  were  machined  inside  at 
one  end  for  a  length  of  about  6  in.  to  a  depth  of  1/64  in.  This  had  the 
efifect  of  entirely  removing  the  roll  scale,  although  the  pipe  was  only 
reduced  10  per  cent  in  thickness. 
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FIG.  6. 


SIX  SPECIMENS  OF  NATIONAL  PIPE  AT  TOP  AND  FOUR  SPECIMENS 
OF   WROUGHT   IRON   A   BELOW 


WALL  THICKNESS  OF   SPECIMENS 


Original  Amount 

Specimen                                   Thickness  machined 

in.  off.   in. 

Wrought  iron  A  Butt,   No.   1.     0.154  0.016 

Wrought  iron  A   Butt,  No.  2.     0.156  0.016 

Wrought   iron  A    Lap,   No.    1.     0.157  0.016 

Wrought  iron   A   Lap,   No.   2.     0.153  0.016 

National  Butt.  No.  1 0.152  0.016 

National  Butt,  No.  2 0.154  0.016 

SUMM.\RY    OF  AVERAGES 

Wrought  iron  A  Butt 0.155  0.016 

Wrought  iron  A  Lap 0.155  0.016 

National   Butt    0.153  0.016 


Original 
machined 
Thickness 

Present 
Average, 

Loss 

in. 

in. 

in. 

0.138 

0.114 

0.024 

0.140 

0.118 

0.022 

0.141 

0.117 

0.024 

0.137 

0.118 

0.019 

0.136 

0.111 

0.025 

0.138 

0.115 

0.023 

0.139 

0.116 

0.023 

0.139 

0.1175 

0.0215 

0.137 

0.113 

0.024 
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FIG.  7. 


SIX  SPECIMENS  OF  NATIONAL  PIPE  AT  TOP  AND  FOUR  SPECIMENS 
OF   WROUGHT   IRON    A    BELOW 


These  cleaned  surfaces  resisted  corrosion  remarkably.  There  was  no 
deep  pitting,  but  only  a  general  roughening  of  the  surface  by  a  number  of 
small  contiguous  pits.  The  total  loss  of  metal,  as  shown  by  decrease  in 
thickness  of  the  walls  of  the  machined  sections,  was  approximately  the 
same  in  each  case,  viz.,  from  18  to  21  per  cent. 


DEOXIDIZED   HOT  WATER,    NON-CORROSIVE 


For  more  than  a  year,  hot  water  from  the  same  source  had  been  run 
through  a  Speller  deoxidiser,  and  afterward  through  a  line  of  black  pipe 
containing  both  steel  and  iron  sections.  These  pipes  show  no  pitting 
whatever,  and  are  practically  free  from  corrosion  in  any  form.  This  shozvs 
very  clearly  that  the  dissolved  gases  are  the  active  corroding  agents. 
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general  conclusions 

This  test,  and  other  similar  tests,  have  shown  beyond  question  that  in 
the  Pittsburgh  District,  wrought  iron  and  steel  pipes  in  hot  water  lines  are 
rapidly  corroded  by  pitting,  and  that  the  laminated  or  fibrous  structure  of 
wrought  iron  produced  by  the  included  layers  of  slag,  does  not  give  any 
added  durability  to  wrought  iron,  as  compared  with  steel  pipe. 

•The  controlling  factor  which  enables  either  steel  or  wrought  iron  pipe  to 
offer  smaller  resistance  to  corrosion  by  dissolved  gases  in  hot  water  lines, 
is  the  roll  scale.  If  this  is  removed  'by  mechanical  processes,  the  rate  of 
corrosion  is  diminished  to  about  20  per  cent  of  the  rate  for  pipe  carrying 
the  usual  covering  of  roll  scale.  This  means  a  400  per  cent  increase  in 
length  of  service. 

Before  galvanizing  it  is  customary  to  pickle  both  wrought  iron  and  steel 
pipes,  in  order  to  remove  all  scale.  This  process  is  difficult  to  carry  out 
with  thoroughness,  and  as  a  consequence,  galvanized  pipes  in  general  do 
not  show  the  increase  in  durability  in  hot  water  line  service  which  would 
be  expected  of  them. 

Recent  developments  in  methods  for  mechanically  removing  roll  scale 
by  re-rolling  pipe  sections  after  the  scale  has  solidified,  give  a  surface 
almost  entirely  free  from  scale,  and  therefore  far  more  resistant  to  cor- 
rosion. Such  scale  as  does  remain  can  be  readily  removed  by  brief  pickling 
before  galvanizing.  In  this  way  steel  pipes  of  maximum  durability  in  hot 
water  line  service  may  be  produced. 

The  writer's  attention  has  been  called  to  a  publication  concerning  rela- 
tive durability  of  iron,  steel  and  brass  pipe  in  hot  and  cold  water  lines  in 
Pittsburgh  apartment  buildings.  On  page  7  of  the  publication  it  is  stated 
that  the  average  life  of  wrought  iron  and  steel  in  hot  water  mains  was 
found  by  inquiry  to  be,  for  wrought  iron  14  years,  and  for  steel  7  years. 
These  figures  are  utterly  at  variance  with  the  results  of  our  tests  of  pipe 
purchased  in  the  open  market. 

Pittsburgh  Testing  Laboratory, 
(Signed)     Jas.  O.  Handy,  Director, 
Departments   of  Chemistry,    Metallurgy  and  Mining. 
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DISCUSSION 

G.  E.  Nichols:  I  think  that  the  Society  ife  to  be  congratulated 
that  for  four  consecutive  years,  Mr.  Speller  has  covered  this  same 
subject  each  year,  reporting  further  progress.  The  subject  under- 
taken by  him  is  one  of  the  most  evasive  subjects  now  facing  the 
heating  engineer,  in  that  it  combines  the  electrical,  sanitary,  chem- 
ical, mechanical  and  heating  professions.  It  is  interesting  to  note 
that  in  this  paper,  Mr.  Speller  has  associated  with  himself  Mr. 
Knowland,  a  chemist  of  the  Massachusetts  Institute  of  Technology, 
who  can  check  over  the  results  from  the  chemist's  standpoint. 

This  subject  has  been  seriously  considered  in  the  office  with 
which  I  am  connected  for  a  considerable  period,  as  referred  to  in 
my  discussion  on  Mr.  Speller's  paper  a  year  ago.  With  the  various 
domestic  hot  water  systems  as  being  installed  in  State  institutions, 
it  is  found  that  their  life  is  very  short.  This  is  very  noticeable  in 
plants  where  filtered  water  is  used,  particularly  in  the  City  of 
Albany  and  the  various  institutions  deriving  their  supply  from  the 
Hudson  River. 

For  your  information,  I  would  present  samples  of  pipe  as  taken 
from  the  hot  water  supply  system  in  the  recently  constructed  Edu- 
cational Building  in  Albany.  This  is  galvanized  iron  pipe  and 
has  been  in  service  only  about  two  years  on  the  domestic  hot  water 
supply  system.  About  two  years  ago  this  pipe  was  replaced  by 
lead-lined  iron  pipe  which  has  given,  thus  far,  satisfaction.  As 
yet  none  of  the  brass  pipe  in  this  building  has  failed  on  this  same 
system. 

For  domestic  hot  water  supply  systems,  there  appears  to  be 
five  materials  available  as  follows :  Brass  pipe,  which  is  almost 
prohibitive  on  account  of  its  price  at  the  present  time ;  Lead  lined 
pipe ;  Galvanized  iron  pipe ;  Wrought  iron  or  steel  pipe ;  and  Cast 
Iron  pipe. 

Wrought  iron  and  galvanized  iron  pipe  appear  to  be  prohibitive 
on  most  waters,  as  in  general  we  find  them  very  active.  This 
leaves  but  two  methods  of  eliminating  the  corrosive  action. 

First,  by  installing  some  form  of  apparatus  rendering  active 
water  inactive,  or  second,  by  installing  a  piping  system  of  such 
material  as  to  eliminate  all  harmful  results.  The  only  material 
that  seems  practical  to  accomplish  the  second  result,  is  to  install 
lead-lined  pipe  or  cast  iron  pipe.  I  would,  therefore,  ask  Mr. 
Speller,  if  he  has  any  data  regarding  these  two  materials. 

Recently  the  following  questions  were  asked  by  one  of  the 
institutional  authorities  of  the  State  Department  at  Albany  and  I 
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believe  it  would  be  in  order  to  present  these  questions  and  obtain 
Mr.  Speller's  views  on  same  as  they  seem  to  be  directly  in  line 
with  the  subject : 

1.  What  is  the  effect  on  the  health  of  persons  using  water  from 
lead  lined  pipes? 

2.  ■  Would  you  advise  the  use  of  lead  lined  pipe  in  a  large  housing 

institution  on  the  hot  water  system? 

3.  Is   oxygen   or   COg   the   active   agent   in   water   on    metal  pipe 
which  causes  a  deterioration? 

L     Are  there  any  commercial  processes  for  removing  oxygen  and 

CO2  from  water  to  prevent  this  deterioration  which  you  would 

recommend,   for  institutions   with   from   one   to  five  thousand 

inhabitants?    If  so  what  is  the  type  of  machine  recommended? 

5.     What  is  your  opinion  of  the  relative  merits  of  the  use  of  lead 

lined   pipe,  brass  pipe,  extra  heavy  galvanized   iron  pipe  and 

cast  iron   pipe,   in   connection   with   hot  water  supply  system ; 

which  world  you  recommend  to  be  used  on  hot  water  systems 

when  the  question  of  health  and  economy  of  installation  are 

both  taken  into  consideration;  also  economy  of  upkeep? 

All  of  these  questions  asked  are  in  connection  with  institutions 

r.sing  active  water. 

I  am  a'so  presenting  a  sample  of  pipe  which  shows  the  opposite 
condition  to  that  described  in  Mr.  Speller's  paper,  resulting  from  an 
inactive  water  but  so  hard  as  to  form  solids  in  the  pipe,  thereby  com- 
pletely filling  same  in  a  very  short  time.  This  pipe  was  taken  from 
a  water  si^pply  system  in  the  western  part  of  the  state  and  the 
scale  is  almost  as  hard  as  quartz. 

It  would  appear  in  general,  that  there  are  no  neutral  waters 
within  the  boundaries  of  New  York  state.  They  are  either  very 
active  or  deposit  some  form  of  hard  scale. 

A.  A.  Cary  :  In  1897,  twenty-one  years  ago,  I  presented  a 
series  of  articles  in  the  Engineering  Magazine  concerning  scaling, 
corrosion  and  pitting  trouble  in  steam  boilers,  and  in  the  March 
number,  which  dealt  with  pitting  and  corrosion,  I  attributed  the 
former  trouble  to  electrolytic  action  in  a  somewhat  similar  manner 
to  that  presented  in  this  paper,  only  there  I  compared  the  destruc- 
tive action  taking  place  to  the  action  occurring  in  an  ordinary  elec- 
tric "battery"  cell.  It  was  about  that  same  time  that  S.  Arrheniiis, 
of  Sweden,  presented  his  ionic  hypothesis  which  has  since  met  with 
very  general  acceptance. 

.    In   my   Engineering  Magazine  article,   I   called  attention  to  the 
fact  that  I  had  been  treating  the  eroding  troubles  in  boilers  with 
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considerable  success  upon  the  assumption  of  the  correctness  of  this 
electrolytic  theory  and  subsequent  experience  has  tended  to  con- 
firm this  practice ; — but  in  such  work  I  have  used  the  more  active 
element  (zinc)  in  the  place  of  iron,  such  as  used  in  the  experiments 
described  in  this  paper.  Of  course,  zinc  can  be  applied  inside  of 
the  boiler  as  it  cannot  be  applied  in  pipe  systems. 

To  some  who  have  not  had  occasion  to  study  or  apply  the  laws 
of  physical  chemistry,  the  treatment  of  this  subject  in  the  manner 
presented  in  this  paper  may  seem  altogether  too  theoretical  a  dis- 
cussion to  apply  to  such  a  practical  trouble  as  pipe  corrosion,  with 
which  we  are  all  so  familiar,  but  in  reality,  this  is  not  so  and  it 
requires  but  little  effort  to  grasp  its  significance  and  then  we  are 
able  to  form  a  very.much  clearer  mental  picture  of  what  actually 
is  taking  place,  as  this  form  of  corrosion  proceeds,  than  we  could 
by  seeking  any  other  means  of  explanation. 

A  mere  chemical  formula  which  includes  two  or  more  substances 
inter-reacting  one  upon  the  other  will  express  the  original  states 
or  compositions  of  these  substances  and  then  will  show  tl.e  com- 
binations effected  by  their  chemical  combination,  and  thus,  while 
telling  the  truth,  it  does  not  tell  the  whole  truth  by  showing  what 
actually  takes  place  during  the  process  of  dissociation  and  com- 
bination occurring,  and  therefore  we  must'  look  to  our  ionic  equa- 
tion to  obtain  a  proper  understanding  of  such  inter-reactions. 

When  a  substance  is  dissolved  in  water  we  say  that  a  solution 
has  been  formed  and  chemical  reactions  are  generally  much  more 
easily  effected  between  substances  in  solution.  If  we  knew  exactly 
what  a  solution  really  is,  we  might  find  a  very  simple  explanation 
of  just  what  takes  place  in  the  presence  of  a  solution  but  as  no 
satisfactory  definition  has  yet  been  given  from  a  purely  chemical 
standpoint,  we  must  seek  for  another  explanation  which  has  been 
found  in  this  ionic  hypothesis. 

Confining  ourselves  to  the  case  of  solutions  in  water,  we  find  that 
these  can  be  divided  into  two  classes:  1st,  The  solution  of  some 
substances  that  have  not  the  power  to  conduct  electricity,  which 
are  termed  non-electrolytes.  To  this  class  belong  sugar  and  other 
substances.  2nd,  The  solution  of  other  substances  that  have  the 
power  to  conduct  electricity,  which  are  called  electrolytes  and  to 
this  class  belong  solutions  of  acids,  bases  and  salts.  The  properties 
common  to  acids — such  as  their  sour  taste,  the  evolution  of  hy- 
drogen when  they  are  brought  in  contact  with  metals,  their  action 
on  dyes  (such  as  blue  litmus  paper),  their  power  to  neutralize 
bases  and  form  salts — are  believed  to  be  due  to  the  fact  that  they 
give  off  hydrogen  ions. 
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Pure  water  alone  is  not  a  good  conductor  of  electricity  (i.e., 
an  electrolyte)  but  it  is  the  greatest  of  all  known  solvents,  and 
readily  dissolves  many  of  the  substances  it  comes  in  contact  with 
and  the  solution  thus  becomes,  in  many  cases,  an  electrolyte  and 
then  active  electrical  action  is  set  up  among  the  constituents  form- 
ing the  solution  and  as  a  result  of  this  electric  action  which  fol- 
lows, a  portion  of  the  water  breaks  down,  or  dissociates ;  not 
merely  into  the  elements  of  oxygen  and  hydrogen  which  compose 
it — but  into  the  positive  ion  hydrogen  (H)  and  into  the  active  nega- 
tive hydroxyl  (OH)  as  is  indicated  in  Fig.  1  of  this  paper.  When 
the  electricity  thus  formed  is  discharged,  the  molecule  of  water 
(H,0)  reappears  unless  this  discharge  is  effected  in  contact  with 
some  other  substance  of  opposite  polarity,  in  which  case,  active 
or  destructive  action  takes  place  there  as  is  shown  in  Fig.  1. 

Nearly  all  water,  coming  in  contact  with  the  air,  absorbs  and 
dissolves  air.  We  know  that  air  is  composed  (practically)  of  four 
parts  of  nitrogen  and  one  part  of  oxygen  in  mechanical  (not  chem- 
ical) mixture  and  with  other  small  quantities  of  gases  mixed  (such 
as  carbonic  acid). 

Owing  to  the  fact  that  the  oxygen  is  iiutch  more  soluble  in  the 
water  than  is  the  nitrogen,  we  find  this  air  in  solution  contains 
only  1  87/100  parts  of  nitrogen  to  one  part  of  oxygen  and  thus 
we  have  present  in  the  water  in  our  pipes  an  excess  of  this  most 
destructive  gas  (O,)  which  attacks  the  walls  of  our  pipe  most 
vigorously,  through  ionic  action. 

You  will  doubtless  recall  that  inorganic  bases  are  composed  of 
a  metal  ( or  group  of  atoms  acting  chemically  like  metals  such  as 
NH^)  and  hydroxyl  ((^H)  and  that  they  are  in  certain  cases 
spoken  of  as  alkalies.  The  common  properties  of  bases  are  their 
alkaline  taste,  their  action  on  dyes  and  their  power  to  neutralize 
acids,  and  all  of  these  properties  are  believed  to  be  due  to  the  fact 
that  they  give  hydroxyl  ions  (OH). 

To  sum  up  the  above  statements :  It  is  believed  that  when  dis- 
solved in  water,  acids  give  positive  hydrogen  ions  and  bases  give 
negative  hydroxyl  ions. 

The  ions  of  an  electrolyte  are  either  atoms  or  radicals  electrically 
charged ;  thus  when  hydrochloric  acid  is  dissolved  in  water  the 
HCl  is  electrolized  (the  ions  of  H  and  CI  being  chemically  equiva- 
lent). The  FI  atoms  move  towards  the  cathode,  each  carrying  its 
charge  of  positive  electricity ;  the  CI  atoms  move  towards  the 
anode,  each  carrying  its  charge  of  negative  electricity. 

The  poles  or  terminals  that  are  introduced  into  the  electrolyte 
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are  called  electrodes,  the  negative  electrode  being  called  the  cathode, 
while  the  positive  electrode  is  termed  the  anode. 

Considering  next  the  salt,  potassium  sulphate  (K,  SO^)  :  when 
this  is  dissolved  in  water,  the  ions  are  3K  and  SO4  (which  is  not 
known  in  a  separate  state  of  existence)  these  being  chemically 
equivalent.  Each  K  atom  carries  one  positive  charge  while  the 
SO4  radical  carries  two  negative  charges. 

When  the  ions  reach  the  electrode  the  charges  (called  electrons) 
are  neutralized  and  the  discharged  ions  either  appear  in  the  free 
state,  when  the  atoms  immediately  combine  to  form  molecules;  or 
else  they  react  with  the  water  or  with  the  electrode.  In  the  latter 
case  the  final  products  of  the  electrolysis  will  be  the  products  of 
these  reactions. 

Instead  of  regarding  this  subject  as  one  presenting  a  new  dif- 
ficulty to  the  mind,  we  may  consider  an  analogy  which  will  com- 
pare it  to  our  familiar  chemical  conception.  We  know  that  when 
two  elements  enter  into  chemical  union,  one  with  the  other,  they 
lose  their  own  individual  characteristics  and  the  resulting  compound 
formed  is  entirely  different  from  either  one. 

When  an  atom  of  sodium  combines  with  an  atom  of  chlorine 
(forming  common  table  salt),  the  sodium  no  longer  exhibits  the 
properties  of  the  metal  sodium.  Similarly  when  an  atom  of  sodium 
is  combined  with  a  negative  electric  charge,  the  product  of  the 
union,  namely,  the  ion  possesses  properties  different  from  the 
metallic  sodium. 

Thus  we  can  appreciate  why  it  is  that  by  merely  considering  the 
chemical  composition  of  the  substance  entering  into  a  solution,  and 
then  considering  the  final  result  of  the  chemical  action  under  such 
conditions,  such  information  alone  will  not  give  us  the  information 
we  seek  as  to  what  actually  occurs  during  the  progress  of  these 
changes  and  without  such  information  we  are  not  in  a  position 
to  find  the  necessary  remedies  required  to  correct  the  troubles  re- 
sulting from  such  actions. 

Finally,  I  might  add,  concerning  the  ions  of  water :  the  hydrogen 
and  hydroxyl  ions  are  the  dissociation  products  of  water,  which, 
corresponding  to  its  very  small  conductivity,  is  dissociated  to  a  very 
small  extent. 

My  object  in  presenting  such  a  discussion  of  this  paper  is:  first, 
to  show  that  this  method  of  handling  the  subject  is  the  best  pos- 
sible manner  in  which  it  can  be  considered  and  finally;  it  is  an 
attempt  to  show  that  the  application  of  this  ionic  theory  is  not  so 
difficult  or  complicated  as  some  may  suppose.  I  hope  that  it  may 
lead  to  further  investigations  along  these  same  lines  and  thus  add 
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materially  to  our  knowledge  of  this  problem  which  has  baffled  many 
in  their  investigations  in  the  past. 

F.  N.  Speller:  As  to  the  question  of  the  best  kind  of  pipe  to 
use,  I  would  prefer  to  leave  that  to  your  own  judgment.  In  closed 
hot  water  service  systems  you  are  going  to  have  trouble  with  any 
kind  of  pipe  sooner  or  later  if  the  water  is  aerated.  Brass  will 
last  longer  but  eventually  the  brass  begins  to  disintegrate  and  after 
some  of  the  zinc  has  been  dissolved  the  metal  becomes  porous  and 
brittle.  Cast  iron  suffers  from  rapid  solution  of  the  iron  wherever 
the  scale  is  removed  from  the  surface,  leaving  a  spongy  mass  of 
graphite  and  silicide  of  iron  which  preserves  the  form  of  the  pipe 
but  without  much  strength.  With  hot  salt  water  this  decomposi- 
tion of  cast  iron  goes  on  much  more  rapidly,  as  is  found  in  cast 
iron  salt  water  tanks  in  some  Atlantic  City  hotels. 

As  to  the  relative  action  of  oxygen  and  carbonic  acid  there  is  no 
question  that  carbonic  acid  is  a  minor  factor  in  corrosion  and  that 
in  the  absence  of  oxygen  has  no  perceptible  effect.  Carbonic  acid 
tends  to  increase  the  initial  solution  of  iron  but  that  soon  stops 
by  polarization  in  the  absence  of  oxygen.  In  our  experiments  with 
systems  deactivated  by  iron  plates  we  found  just  as  much  carbonic 
acid  in  the  treated  water  as  before  but  no  corrosion  that  could  be 
measured  by  practical  means. 

There  does  not  appear  to  be  any  practical  obstacle  to  applying 
this  system  of  treating  hot  water  on  a  large  scale.  The  tank 
capacity  and  filter  area  would  have  to  be  extended  in  proportion 
to  the  required  demand.  The  systems  which  have  been  in  use 
for  a  considerable  time  have  been  of  medium  size. 

The  economy  may  be  figured  by  comparing  the  extra  cost  of 
filters  against  the  higher  cost  of  brass  pipe — the  tanks  are  about 
the  same  size  as  would  usually  be  provided  for  storage  purposes 
and  are  protected  by  the  sheet  steel  with  which  they  are  filled  so 
that  they  should  last  much  longer  than  when  simply  filled  with 
hot  water.  As  to  the  effect  on  health,  I  would  refer  you  to  reports 
of  the  Massachusetts  Board  of  Health  for  an  analysis  of  that 
question.  The  amount  of  iron  in  solution  passing  through  the 
filters  is  less  than  0.3  parts  per  million. 
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RELATION  OF  HOT  WATER  SERVICE  HEATING 
TO  VARIOUS  TYPES  OF  BUILDINGS 

By  Harold  L.  Alt.  New  York,  N.  Y. 
Member 

THE  question  of  proportioning  hot  water  supply  is  one  upon 
which  a  great  deal  has  been  said  and  published,  yet  when  a 
final  decision  is  made  it  is  more  a  matter  of  common  sense 
and  judgment  than  of  any  deep  engineering  calculation.  Undoubtedly 
the  reason  why  more  authentic  data  are  not  on  record  in  the  Society's 
publications  relating  to  this,  is  because  the  hot  water  tank  comes 
pretty  close  to  the  jurisdiction  of  the  sanitary  engineer — whose 
fixtures  are  supplied  therefrom — and  who  §hould  furnish  the  heat- 
ing engineer  with  the  maximum  number  of  gallons  of  hot  water 
required  per  hour  and  the  temperature  rise  expected.  From  this 
the  heating  engineer  could  readily  calculate  the  pounds  of  steam 
condensed  per  hour  or  the  pounds  of  coal  to  be  burned. 

For  those  who  desire  to  make  their  own  estimates,  however,  or 
who  wish  to  check  the  designs  of  others,  the  following  data  may 
prove  a  help  as  a  basis  on  which  to  compute  within  a  fairly  close 
approximation. 

The  consumption  of  hot  water  in  a  building  may  be  most  ac- 
curately determined  from  a  knowledge  of  the  number  of  occupants, 
length  of  occupancy  and  use  of  building.  A  building  occupied  24 
hours  per  day  and  in  which  laundry  and  cuhnary  operations  arc 
carried  on  will  probably  run  about  25  gal.  per  day  per  person. 
Without  laundry  work,  this  would  drop  to  about  15  gal.,  without 
cooking  to  about  10  gal.,  without  bathing  (showers,  baths,  etc.)  to 
about  5  gal,  or  even  less. 

Owing  to  the  number  of  occupants  being  often  an  unknown  quan- 
tity, it  has  become  quite  customary  to  estimate  hot  water  con- 
sumption entirely  on  the  basis  of  the  number  of  fixtures  installed 
and,  as  these  fixtures  vary  in  the  amount  of  use  received,  their  actual 
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consumption  will  vary  also.  From  this  has  developed  the  scheme 
of  figuring  the  rrlaximum  consumption  possible  and  taking  a  per- 
centage of  water  as  based  on  the  percentage  of  maximum  use  likely 
to  be  encountered  in  the  building  in  question.  Under  such  a  method 
the  following  is  used  as  the  maximum  consumption : — 

Gallons  of  No.  of  Maximum 

Hot  Water  Usings  Gallons 

Fixture  Each  Use  per  Hour  per  Hour 

Lavatories   1  X  20  =  20 

Baths    20  X  2  =  40 

Showers    30  X  5  =  150 

Slop  Sink   ... 10  X  2  =  20 

Under  ordinary  conditions  on  a  large  building  the  operating  maxi- 
mum use  will  seldom  exceed  33-1/3  per  cent  of  the  possible  maxi- 
mum, so  that  for  50  lavatories  the  consumption  will  be  as  follows : 
50  X  1  X  20  X  33-1/3  per  cent  =  330  gal.  per  hour. 
For  10  showers,  the  consumption  will  be: 

10  X  30  X  5  X  33-1/3  per  cent  =  500  gal.  per  hour. 

The  figures  can  be  applied  to  any  building  with  proper  judgment ; 
of  course,  in  a  school  where  a  whole  class  comes  in  and  takes  a 
shower  after  gymnasium  practice,  the  showers  must  be  figured  at 
100  per  cent,  and  the  same  for  wash  bowls  in  a  shop  where  every  one 
washes  up  in  15  to  30  minutes  at  quitting  time.  The  percentages  for 
the  general  classes  of  buildings  are  as  follows : — 

For  hospitals  use 33-1/3  per  cent 

For  office  buildings   20  per  cent 

For   shops    100  per  cent 

For  schools  (except  showers)   33-1/3  per  cent 

In  a  recent  shop  installation  involving  over  30  wash  rooms  the  hot 
water  was  figured  as  follows : — 

3^2  gallon  per  employee  for  use  in  washing. 

34  gallon  per  employee  to  remain  in  tank. 

%  gallon  per  employee  allowed  for  tank,  pipe,  and  bowl  losses. 

1  gallon  per  employee  total. 
This  1  gallon  per  employee  was  stored  in  a  storage  tank  and  the 
tank  was  given  three  hours  in  which  to  heat.     Thus  for  300  men,  a 
300  gal.  tank  is  used  and  sufficient  heating  surface  put  in  to  heat 

300 

or  100  gallons  per  hour  from  50  to  150  dc^.  fahr.     This  re- 

3 
suited  in  small  coils,  large  tanks  and  a  small  heating  load. 
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For  apartment  houses,  by  the  fixture,  the  maximum  amounts  are 
as  follows : — 

Lavatories    2  gal.  per  hour 

Baths    , 25  gal.  per  hour 

Slop  sinks    15  gal.  per  hour 

Showers   30  gal.  per  hour 

Wash    trays    10  gal.  per  hour 

The  maximum  reduces  to  about  one-half  to  one-third  in  actual 
practice,  giving  25  to  30  gal.  per  hour  per  family. 

The  proportion  of  storage  to  heating  capacity  may  be  varied : 
where  the  hot  water  is  used  practically  continuously  throughout  a 
period  of  hours  a  large  storage  tank  is  useless.  As  a  general  rule 
it  may  be  said  that  the  heating  capacity  should  equal  the  constant 
load  and  the  storage  capacity  should  be  suiificient  to  carry  over  the 
peak,  plus  25  per  cent  to  be  retained  in  the  tank.  Thus  for  average 
conditions,  if  300  gal.  per  hour  is  the  maximum  possible  to  use  in  the 
fixtures,  one-third  or  100  gal.  would  be  average  use  and  would 
therefore  be  the  heating  capacity,  and  one-third  or  another  100 
gal.  should  be  allowed  for  a  temporary  peak  load.  Then  retaining 
25  per  cent  in  the  tank,  there  is  100  gal.  heated  per  hour  plus 
(100 — 25)  T5  gal.  available  from  storage  or  a  maximum  of  175  gal. 
for  an  hour  of  peak  load.  175/300  =  58  per  cent  maximum  operat- 
ing load  which  is  amply  safe  for  any  ordinary  installation. 

Where  a  hot  water  load  is  constant  practically  throughout  the 
day,  a  very  small  storage  capacity  is  required,  but  a  heating  capacity 
in  safe  excess  of  the  assumed  constant  load  should  be  used.  Thus 
a  bath  house  where  the  showers  might  operate  at  a  maximum  for 
several  successive  hours,  would  require  a  large  heating  capacity, 
but  storage  would  be  practically  useless. 

Another  thing  sometimes  forgotten  in  determining  the  hot  water 
tank  size  is  the  matter  of  circulation.  In  large  buildings  the  cir- 
culation loss  may  run  up  nearly  as  high  as  the  hot  water  consump- 
tion depending  on  the  piping  system.  No  storage  tank  will  help  this 
as  it  is  a  constant  demand  and  must  be  supplied  by  an  increase  of 
heating  capacity. 

Thus  if  a  building  required  a  theoretical  maximum  of  1000  gal. 
per  hour,  the  total  outside  surface  of  the  hot  water  mains  should 
be  computed,  the  loss  (at  2  B.t.u.  per  degree  difference  in  tem- 
perature between  the  water  and  the  surrounding  air)  40  per  cent 
of  this  being  taken  (to  allow  for  a  covering  efficiency  of  60  per  cent) 
and  this  divided  by  1000  B.t.u.  to  reduce  it  to  equivalent  gallons  of 
heating  capacity,  since  1  gallon  raised  50  to  180  deg.  := 

1  X  8-1/3X  130  =  1083  B.t.u.,  or  approximately  1000. 
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250,000 

Supposing  this  loss  to  equal  250,000  B.t.u.,  then  =  250 

1000 
equivalent  gallons.     So  for  1000  gal.  theoretical  maximum  the  stor- 
age should  be  one-third  of  1000  =  333  gal.,  the  heating  capacity 
should  be  one-third  of  1000  -f  250  =  583  gal.  per  hour. 

It  is  almost  always  advisable  to  use  a  standard  stock  heater  where 
moderate  price  and  quick  delivery  is  desired.  Most  multi-tube  heat- 
ers have  a  much  larger  heating  capacity  than  they  have  storage.  One 
manufacturer's  sizes  are  as  follows:- — • 


Storage 
Capacity 

25 

Heating 
Capacity 
100 

Sq.  Ft. 
of  Brass  Coil 

Steam  Conn 
In 

1 

50 

200 

13 

1 

75 

300 

19/2 

VA 

100 

400 

26 

1/. 

125 

500 

33 

2 

150 

600 

40 

2 

190 

750 

49 

2 'A 

250 

1000 

67 

2/2 

375 

1500 

100 

2/2 

425 

1750 

117 

3 

500 

2000 

133 

3 

640 

2500 

167 

3 

700 

3000 

200 

4 

860 

4000 

286 

4 

1150 

5000 

333 

5 

1500 

7500 

500 

G 

So  for  this  service  in  question  involving  a  storage  of  333  and  a 
heating  of  583  (or  a  total  of  916  gal.  per  hour),  the  190  storage 
heater  with  750  heating  capacity  would  be  the  nearest  stock  size,  the 
total  capacity  of  this  heater  being  190  -|-  750  ==  940  gal.  per  hour. 

For  kitchen  and  laundry  use,  separate  heaters  operated  at  higher 
water  temperatures  are  desirable.  Although  180  deg.  water  has 
been  mentioned  in  the  preceding  discussion,  it  is  probable  that  a 
thermostat  would  be  used  on  the  tank  to  keep  the  temperature  down 
to  120  to  150  deg.  Culinary  and  laundry  work,  however,  demand 
high  temperatures  and  180  deg.  is  the  figure  usually  contemplated. 

-A  kitchen,  pot,  vegetable  or  other  culinary  sink  when  in  active  use, 
can  easily  consume  60  gal.  of  water  per  hour,  but  their  use  would 
hardly  ever  extend  over  two  hours.  A  laundry  requires  about 
1  gal.  per  hour  for  each  piece  handled  per  day. 
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Thus  a  healer  to  supply  3  culinary  sinks  and  a  laundry  turning  out 
500  pieces  per  day  would  be  computed  as  follows : — 

3  sinks  at  60  gal.  =  180  gal.  per  hour,  or  360  gal.  for  2  hours  with 
4  hours  to  heat,  or : 

360  storage  and  360/4  =  90  heating  capacity. 

In  the  laundry,  500  X  1  =  500  gal.  per  hour.  If  this  is  drawn  off 
at  30  minute  intervals  the  storage  should  be  500/2  +  250/4  =  250 
-|-  62  =:  310  gal.  (250/4  being  the  25  per  cent  to  be  retained  in 
the  tank.) 

If  the  laundry  used  this  water  at  15  minute  intervals  then  the  stor- 
age capacity  would  be  as  follows : 

500/4  +  25  per  cent  of  125  =  125  +  31  =  156  gallons.  In  both 
cases  the  heating  capacity  would  be  500  gal.  per  hour. 

Should  the  kitchen  and  laundry  heaters  be  combined  into  one  (at 
30  minute  intervals  for  the  laundry)  the  capacity  should  be  as  fol- 
lows :  „..  u    .• 

Storage  Heating 

Capacity  Capacity 

Kitchen   360  90 

Laundry 310  500 


670  +  590  =  1260  total  hourly  capacity 
Nearest  standard 

heater =250         +       1000     =  1250     " 

This  is  a  case  where  a  standard  heater  will  not  do  as  it  can  be  seen 
if  the  laundry  draws  ofif  250  gal.  at  the  end  of  a  30  minute  period, 
the  tank  would  be  exhausted  and  the  last  of  the  water  would  be 
cold.  Therefore  a  heater  of  about  600  storage  and  600  heating 
capacity  would  be  the  proper  combination  to  use. 

In  Fig.  1  is  shown  a  graphic  representation  of  the  tank  just  cal- 
culated. The  line  representing  the  gallons  used  for  the  sinks  is 
plotted  at  the  lower  portion  of  the  drawing  while  the  heating 
capacity  per  hour  allowed  is  plotted  directly  above.  Running  di- 
agonally across  the  diagram  almost  from  corner  to  corner  is  the  line 
representing  the  quantities  of  water  used  in  the  laundry,  and  directly 
above  this  the  line  indicating  the  quantity  estimated  to  be  heated  for 
laundry  uses.  Still  above  this  are  two  lighter  lines  showing  the  sum 
of  the  other  two  for  water  used  and  water  heated. 

The  uppermost  diagonal  shows  the  heating  capacity  of  the  nearest 
stock  size  heater — which,  however,  is  deficient  in  storage  and  there- 
fore not  usable  in  this  particular  case.  Close  inspection  of  the  dia- 
gram will  show  that  while  the  heating  of  the  water  goes  forward  in 
a  constant  progression  the  utilization  of  the  water  is  liable  to  be 
intermittent  or  a  progressive  use  at  intermittent  intervals.     There- 
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fore,  the  water  to  be  stored  in  the  tank  may  be  found  by  the  differ- 
ence between  the  water  heated  and  the  water  used,  this  difference 
being  cross  hatched  in  Fig.  1  and  the  quantity  so  stored  at  any  par- 
ticular time  is  read  over  the  proper  hour  or  fraction  thereof  as  noted 
along  the  bottom. 

According  to  Fig.  1,  the  greatest  storage  capacity  required  for  the 
sinks  is  at  the  end  of  the  fourth  hour  and  immediately  prior  to  the 
beginning  of  their  use.  This  is  indicated  by  the  height  W  or  360 
gallons ;  at  the  same  time,  owing  to  the  water  used  for  the  sinks 
being  gradually  drawn  off  from  the  end  of  the  fourth  to  the  end  of 
the  sixth  hour,  no  25  per  cent  additional  to  be  retained  in  the  tank  is 
necessary  owing  to  the  "water  used"  never  approaching  the  "water 
heated"  within  the  25  per  cent  limit  of  360/4  or  90  gallons.  Its 
closest  approach  is  at  the  end  of  the  sixth  hour  when  the  water 
heated  is  540  gallons  and  the  water  used  is  360  gallons,  showing  a 
quantity  of  150  gal.  still  stored  or  amply  safe. 

With  the  laundry  the  same  is  not  the  case ;  it  can  easily  be  seen 
that  the  laundry  requires  the  storage  of  250  gal.  for  its  use  at  the  end 
of  each  half  hour  and  that  this  will  be  entirely  drawn  out  at  such 
a  period.  Therefore,  if  the  sink  storage  required  is  greatest  at  the  end 
of  the  fourth  hour,  the  laundry  storage  required  at  the  same  time  is 
indicated  by  Y  or  250  gal.  and  with  a  25  per  cent  reserve  (X)  or 
CO  gal.  more. 

Over  at  the  extreme  right  hand  side  of  the  diagram,  is  erected  a 
short  perpendicular  representing  the  combined  storage  capacity  re- 
quired, this  being,  of  course,  the  sum  oi  IV  -{-  X  -\-  Y  or  6T0  gal. 
On  the  left  of  this  perpendicular  and  adjacent  to  it  is  erected  a  sec- 
ond perpendicular  showing  graphically  the  rate  of  heating  required 
per  hour  for  which  the  water  heated  at  the  end  of  the  first  hour  for 
the  sinks  (A)  is  added  to  the  water  similarly  heated  for  the  laundry 
(B)  making  a  total  combined  heating  capacity  of  590  gal.  per  hour 
from  which  was  plotted  the  diagonal  for  total  heating  capacity  for 
all  hours. 

A  comparison  of  the  line  of  total  zvatcr  used  and  the  line  of  total 
combined  heating  capacity  shows  that  the  nearest  approach  is  at  the 
end  of  the  sixth  hour  when  the  water  used  is  3360  gal.  and  the 
water  heated  3540  gal.,  leaving  180  gal.  retained  in  the  tank  against 
an  allowable  minimum  of  25  per  cent,  or  167  gal.,  which  is  just 
about  correct. 

As  far  as  the  heating  capacity  of  a  stock  heater  is  concerned  it  is 
more  than  ample  as  shown,  but  since  the  minimum  storage  capacity 
is  about  670,  it  is  not  practical  to  use  a  heater  with  a  storage  of 
only  250  gal. 
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It  is  a  peculiarity  of  hot  water  heating  that  when  a  steam  heater 
is  designed,  it  is  customary  to  make  it  most  safely  ample.  One 
prominent  engineer  computes  the  amount  of  surface  required  to 
actually  do  the  work  and  then  doubles  it  to  allow  for  air  binding, 
poor  circulation,  scale,  etc.  This  is  undoubtedly  a  very  generous 
treatment  but  in  these  days  of  high  prices  on  copper  and  brass,  the 
good  engineer  puts  in  enough,  but  the  best  engineer  puts  in  only 
enough  and  does  not  supply  a  lot  of  surface  to  lie  useless  in  the 
heater. 

The  heating  surface  should  consist  of  copper  tubing,  or  at  least 
brass,  and  the  number  of  square  feet  shown  in  the  preceding  schedule 
may  be  safely  adopted  as  the  results  of  practical  experiments.  The 
surface  is  not  so  high  as  to  be  extravagant  yet  it  is  high  enough  to 
accommodate  a  reasonable  margin  of  safety.  The  ratio  of  heating 
surface  per  gallon  is  about  0.065  sq.  ft.  and  while  some  authorities 
recommend  as  low  as  0.04,  it  is  doubtful  if  this  will  do  the  work 
for  any  length  of  time  with  bad  water. 

For  instantaneous  heaters  the  rapid  movement  of  the  water 
against  the  tubes  as  it  flows  along  serves  to  increase  the  efliciency 
per  square  foot  so  that  a  reduction  of  the  ratio  per  gallon  to  0.0-1:4 
sq.  ft.  is  safe.  It  must  be  kept  in  mind,  however,  that  the  capacity 
of  the  instantaneous  heater  can  never  be  exceeded  even  for  a  five 
minute  period  without  resulting  in  cold  water  being  drawn  through 
the  heater. 

It  can  be  readily  seen  that  while  a  given  group  of  fixtures  might 
require  hot  water  at  a  ratio  of  a  certain  number  of  gallons  per  hour, 
the  rate  for  one  period  of  ten  minutes  might  exceed  this  average 
rate  and  in  fact  ivould  have  to  exceed  it  if  the  next  period  of  ten 
minutes  fell  below  the  hourly  average.  In  the  storage  type  of 
heater  the  stored  hot  water  will  carry  over  any  peak  load  of  this 
character,  but  in  the  instantaneous  heater  no  such  reserve  is 
available. 

Since  the  average  use  is  about  midway  between  the  maximum 
and  zero,  to  determine  the  maximum  peak  all  that  is  necessary  to 
be  done  is  to  double  the  average  load.  In  other  words  the  hourly 
heating  rating  of  an  instantaneous  heater  should  be  double  that  of  a 
storage  heater  to  serve  the  same  fixtures  or  should  be  equal  to  the 
combined  heating  and  storage  capacity  of  a  storage  tank  for  the 
same  service. 

With  gas  heaters  similar  rules  prevail  except  that  most  gas  heaters 
are  figured  and  rated  on  a  temperature  rise  of  only  about  one-half 
of  the  rise  used  as  a  basis  in  figuring  steam  heaters ;  therefore  the 
rating  of  the  gas  heater  should  be  doubled  to  obtain  an  equal  trans- 
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fer  of  B.t.u.  to  the  water.  Thus  a  steam  heater  with  a  capacity  of 
heating  1000  gal.  of  water  per  hour  (with  a  rise  from  100  or  130 
deg.  fahr.)  should  be  compared  to  a  gas  heater  rated  at  2000  gal. 
per  hour  (with  a  temperature  rise  of  60  or  70  deg.  fahr.  only). 

When  it  is  desired  to  install  a  coal-burning  hot  water  heater,  it  is 
difficult  to  obtain  a  good  combination  of  heater  and  tank  without 
increasing  the  tank  capacity  so  as  to  carry  all  heavy  loads  for  two 
or  three  hour  periods  and  putting  in  a  heater  just  large  enough  to 
heat  up  the  water  during  the  hours  when  the  requirements  are 
small. 

Under  all  ordinary  conditions,  25  per  cent  of  the  maximum  hourly 
demand  is  enough  to  use  for  determining  the  heater  while  the  stor- 
age tank  is  made  large  enough  to  store  all  the  water  necessary  to 
carry  over  between  periods. 

Assume  a  building  occupied,  say,  7  hours  a  day — such  as  a  school 
or  university.  The  maximum  consumption  figures  out  as  500  gal. 
per  hour;  average  use  will  be  about  500  X  33-1/3  per  cent  =  167 
gal.  per  hour;  coal  heater  rated  at  25  per  cent  of  500  =  125  gal. 
per  hour.  Then  every  hour  during  the  seven  hour  period  results  in 
167  gal.  being  drawn  off  and  125  gal.  heated  or  a  loss  of  42  gal.  per 
hour.  For  7  hours  the  loss  will  be  42  X  7  =  294  gal.  and  with 
25  per  cent  still  in  the  tank,  the  tank  capacity  would  be  294  -|-  25 
per  cent  of  294,  or  294  +  74,  or  368  gal.— say  400  gal.  storage. 

The  coal  heater  may  be  figured  as  burning  anywhere  from  5  to  8 
lb.  of  coal  per  sq.ft.  according  to  size.  If  7  lb.  is  assumed  in  this 
case  and  8000  B.t.u.  is  transferred  to  the  water  from  every  pound 
consumed,  then  each  square  foot  of  grate  surface  will  supply 
8000  X  7  =  56,000  B.t.u. 

Raising  125  gal.  of  water  from  50  to  150  deg.  requires  125  X  8-1/3 
X  100  =  104,200  B.t.u. 

Therefore  104,200  ^  56,000  =  2  sq.  ft.  of  grate  area. 

Where  high  water  pressures  are  encountered  the  ordinary  hot 
water  heating  boiler  will  not  stand  the  pressure  and  a  steam  boiler 
and  steam  hot  water  multi-tube  heater  should  be  used. 
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DISCUSSION 

G.  B.  Nichols  :  This  paper  seems  to  have  brought  together  a 
lot  of  facts  that  should  be  used  with  discretion,  and  a  good  many 
of  these  are  too  general  for  broad  use.  For  instance,  in  the  table 
on  page  24:4,  I  notice  there  are  no  steam  pressures,  and  whether 
it  is  a  steam  tube  or  water  tube  heater  is  not  in  any  way  covered. 
As  added  information  to  this  paper,  I  have  some  curves  that  cov- 
ered this  question  of  consumption  of  hot  water,  from  actual  results. 
Figs.  2  and  3  refer  to  an  institution  at  Bedford  Hills  known  as  the 
Women's  Reformatory.  I  didn't  have  a  record  of  the  water  consump- 
tion at  this  institution,  but  I  have  the  sewerage,  so  that  approximates 
very  closely  to  the  load  for  the  entire  day.  It  will  be  noticed  that 
the  greatest  load  comes  at  3  P.  M.  in  the  afternoon  and  a  similar 
load  in  the  morning,  of  approximately  3  gal.  per  resident  per  hour. 
Of  that  water,  the  domestic  hot  water  is  divided  as  you  see  it. 
The  maximum  load  in  the  upper  curve  is  around  10  o'clock  in  the 
morning,  and  is  3  gal.  per  hour  per  inmate,  and  is  taken  for  a 
period  with  the  laundry  day.  The  lower  curve  is  the  next  day, 
without  the  laundry  running  2.3  gal.  This  is  a  very  interesting 
curve,  in  that  it  combines  the  steam  and  hot  water  supplies.  The 
upper  curve  is  the  total  steam  produced  for  heating  purposes  in 
November.  The  lower  curve  is  the  amount  of  steam  that  goes 
through  the  engine  produced  for  the  building,  while  the  lower 
curve  represents  the  steam  that  goes  to  the  hot  water  heater.  It 
will  be  noticed  that  there  is  only  one  time  in  the  day  when  the  hot 
water  uses  up  all  the  exhaust  steam.  At  other  times  they  have  a 
surplus  of  steam  for  steam  heating.  Summarizing  these  curves, 
the  total  domestic  hot  water  is  approximately  15.9  gal.  per  day, 
which  is  18  per  cent  of  the  entire  supply.  The  maximum  demand, 
with  the  laundry,  occurs  between  9  and  10  o'clock,  and  is  at  the 
rate  of  3  gal.  per  hour  per  resident  with  laundry  and  2.2  gal.  per 
hour  per  resident  on  days  when  the  laundry  is  shut  down,  which 
demand  is  five  times  the  average  flow. 

Mr.  Rau  :  I  have  many  times  gone  through  calculations  similar 
to  these  presented  by  Mr.  Alt  in  designing  hot  water  heaters,  and 
sometimes  I  suppose  that  is  all  there  is  to  it,  but  I  had  occasion 
to  come  in  contact  with  the  operation  of  a  building  in  which  there 
were  280  odd  families  where  the  study  of  reduction  of  the  hot 
water  load  was  a  matter  of  importance.  I  very  soon  found  that 
the  temperature  at  which  the  water  was  supplied,  had  a  great  deal 
to  do  with  the  quantity  of  water  consumed ;  in  fact  it  was  found 
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that  as  the  temperature  is  raised  to  180  deg.  or  above,  that  the 
consumption  fell  very  rapidly  indeed ;  in  fact  as  between  120  deg. 
and  200  deg.,  there  would  be  a  difference  of  almost  half  in  the 
consumption  of  water,  so  that  really  if  the  coal  pile  is  the  subject 
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VARIATION   IN    FLOW   OF   SEWAGE    ON    A   DECEMBER   DAY   AT   THE 
NEW  YORK  STATE  REFORMATORY,  BEDFORD  HILLS,  N.  Y. 
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riG.   3.     VARIATIONS    IN    DOMESTIC    HOT    W^ATER    SERVICE    AT    BEDFORD 
HILLS  REFORMATORY,  BOTH  WITH  AND  WITHOUT  LAUNDRY. 


of  consideration,  as  is  usually  the  case  in  apartment  house  man- 
agement, as  much  can  be  done  by  the  operation  of  the  hot  water 
system  as  by  the  design,  or  even  more,  if  the  management  uses 
discretion  in  those  matters.     This  as   far  as   I  know,  has  never 
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been  thoroughly  studied  and  determined,  but  I  think  it  no  doubt 
could  be  reduced  to  paper. 

H.  M.  Hart  :  I  cannot  see  why  any  change  in  temperature 
would  influence  the  coal  pile.  It  seems  to  me  that  in  using  hot 
water,  if  the  water  comes  from  the  faucet  at  180  deg.,  they  will 
mix  enough  cold  water  with  it  to  bring  it  down  to  the  temperature 
desired,  and  it  seems  to  me  that  it  would  work  out  the  same  on  the 
coal  pile,  more  water  at  lower  temperature  or  less  water  at  higher 
temperature ;  I  do  not  think  you  will  find  much  difference. 

A.  A.  Cary  :  In  reference  to  the  matter  of  saving  hot  water 
supply  by  increasing  the  temperature  of  the  water  above  the  degree 
ordinarily  maintained,  I  might  add  that  in  the  apartment  house 
where  I  am  living,  the  steam  heating  and  hot  water  supply  is  in 
charge  of  a  man  who  can  lay  no  claims  to  being  an  engineer  and 
with  ample  boiler  capacity,  curious  happenings  are  by  no  means 
out  of  order. 

Frequently  in  opening  the  hot  water  faucets  in  my  bath  room  I 
have  found  a  supply  of  either  boiling  water  or  steam  which  could 
not  be  used  for  washing.  With  a  handy  length  of  rubber  tubing, 
I  have,  under  such  conditions,  drawn  a  basin  full  of  cold  water 
and  tempered  it  with  my  steam  supply. 

The  temptation  to  wash  in  running  water  was  thus  completely 
done  away  with  and  the  hot  water  supply  was  thus  necessarily 
conserved.  Under  such  conditions  existing  through  a  house  occu- 
pied by  many  people,  there  will  undoubtedly  be  a  greatly  dimin- 
ished demand  upon  the  hot  water  supply  and  a  saving  will  result, 
but  at  the  same  time  the  danger  of  demands  for  damages  by  the 
tenants,  should  they  happen  to  be  seriously  scalded,  makes  such 
practice  somewhat  questionable. 

W.  A.  Evans  :  I  believe  that  Mr.  Alt's  paper  in  pointing  to 
common  sense  solves  some  of  the  suggested  difficulties  both  in 
operation  and  design.  Common  sense,  of  course,  can  only  be 
applied  as  a  supplement  to  engineering  knowledge.  A  lack  of 
common  sense  was  evidenced  recently  when  boys  used  shower 
room  for  a  turkish  bath ;  they  turned  on  all  of  the  hot  water  valves 
of  the  showers,  letting  them  run  full  tilt  and  stood  around  for 
one-half  hour  or  longer  enjoying  the  steam  bath  resulting.  An 
engineer  might  not  anticipate  such  actions  in  laying  out  an  institu- 
tion having  a  number  of  showers,  but  in  this  instance  the  con- 
sulting engineer  helped  the  common  sense  of  the  boys  by  putting 
an  automatic  temperature  regulating  mixing  valve  on  the  supply 
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line  and,  also,  a  foot  valve  under  each  shower  requiring  the  indi- 
vidual to  stand  under  the  shower  while  it  was  operating. 

I  am  glad  to  see  that  Mr.  Alt  gives  recognition  to  the  use  of 
storage  in  hot  water  service  systems.  Advertisements  have 
appeared  in  trade  journals  recently  ridiculing  the  storage  design 
of  water  heater.  These  advertisements  maintained  that  there  was 
absolutely  no  occasion  to  use  a  storage  tank.  Here  is  a  place 
where  I  believe  common  sense  was  again  lacking  and  certainly  a 
total  absence  of  engineering  consideration.  The  storage  heater  has 
a  very  distinct  place  in  hot  water  service  and  90  per  cent  of  the 
water  required  for  either  domestic  or  industrial  purposes  require 
large  storage  provision.  On  the  90  per  cent,  I  refer  to,  an  instan- 
taneous heater  without  storage  tank  would  fall  down  completely 
both  in  operation  and  in  steam  economy;  the  latter  being  one  of 
the  chief  functions  of  water  heaters.  I  know  that  ridicule  attempted 
in  the  advertisements  referred  to  has  no  effect  on  such  engineers 
as  meet  here,  but  they  have  a  very  sorry  effect  upon  certain  indi- 
viduals who  purchase  equipment  from  classified  advertisements  in 
the  back  of  trade  journals,  and  who  are  not  qualified  to  judge  for 
themselves.  I  cannot  believe  that  such  advertisements  are  passed 
upon  by  competent  engineers.  They  possibly  represent  the  enthusi- 
asm of  an  advertising  clerk  or  salesman  ambitious  only  to  dispose 
of  his  product. 

A  case  of  incompetent  purchase  was  brought  to  my  attention  re- 
cently. A  textile  mill  in  northern  New  York  was  throwing  away 
quantities  of  exhaust  steam.  The  manager  had  been  approached 
several  times  on  the  subject  of  recovery  of  this  steam.  He  was 
always  indifferent.  Finally,  during  the  past  winter  when  coal  was 
high,  he  did  tumble  to  the  fact  that  there  might  be  some  chance 
of  economy  in  recovering  the  exhaust  steam  by  heating  water 
required  in  his  plant.  Instead  of  making  an  analysis  himself,  or 
having  a  competent  engineer  do  it  for  him,  he  telephoned  to  a 
steamfitter  and  told  him  that  he  wanted  a  bigger  heater.  The 
steamfitter  asked  him  how  big.  He  said,  "Well,  the  one  I  have  now 
is  20  in.  in  diameter  and  48  in.  high ;  get  me  one  36  in.  in  diameter 
and  6  ft.  high."  It  so  happened  that  the  individual  who  had  at- 
tempted previously  to  interest  the  manager  in  recovery  of  exhaust 
steam  happened  in  within  twenty-four  hours  of  the  telephone  in- 
structions to  the  steamfitter.  The  result  was  the  cancellation  of 
the  instructions  and  the  purchase  of  a  storage  heater  5  ft.  in 
diameter  and  12  ft.  long,  having  over  1,G00  gal.  storage  capacity. 

I  ask  in  passing  why  do  we  always  speak  of  hot  water  heaters? 
We  do  not  speak  of  cold  air  coolers  or  hot  oil  heaters.     This  is, 
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perhaps,  aside  from  the  issue  but  it  is  somewhat  interesting  to 
note  in  passing.  Water  heater,  gas  water  heater,  steam  water  heater 
would  appear  more  correct. 

The  amount  of  surface  required  for  heating  water  is  the  subject 
of  varied  opinion  and  experience.  The  figures  suggested  in  Mr. 
Alt's  paper  for  amount  of  heating  surface  per  gallon  of  water  varying 
between  0.04  and  0.065  are  conservative  enough.  There  is  no  pos- 
sibility of  failure  on  this  basis  with  atmospheric  steam  in  a  storage 
heater.  On  instantaneous  heaters  the  ratio  of  water  to  heating 
surface  will  be  much  greater.  On  this  point  there  also  appeared  in 
trade  journals  recently  an  article  ridiculing  the  consulting  engineer 
for  assuming  a  conservation  B.t.u.  heat  transfer.  The  ratios 
indicated  above  are  in  the  neighborhood  of  200  to  225  B.  t.  u.  per 
square  foot  per  hour  per  mean  .degree  difference  of  temperature 
l)etween  the  steam  and  the  water.  There  are  plenty  of  tests  on 
novel  designs  of  heaters  that  show  much  higher  heat  transfer.  I 
say  novel  because  the  reduction  in  heating  surface  is  obtained  by 
some  complication  of  design  such  as  very  small  tubes,  corrugations, 
crimped  coils,  multiple  passes,  tube  within  a  tube,  etc.,  but  they 
are  all  attended  with  increased  friction  losses  through  the  heater ; 
in  other  words,  the  high  B.  t.  u.  heat  transfer  with  corresponding 
reduction  in  heating  surface  is  obtained  at  the  sacrifice  of  pressure- 
drop  and  power  consumed  in  forcing  water  through  the  unit.  I 
am  also  convinced  that  the  novelty  of  the  designs  of  these  so-called 
highly  efficient  heaters  complicate  designs  to  such  an  extent  as  to 
overcome  any  saving  in  the  cost  of  manufacture  that  would  naturally 
be  expected  where  as  an  example  only  18  sq.  in.  per  h.  p.  are  fur- 
nished in  one  heater  as  against  40  sq.  in.  per  h.  p.  in  another. 

On  the  item  of  pressure  drop  I  once  saw  a  unit  operating  with 
a  pressure  drop  of  18  lb.  between  the  inlet  and  the  outlet  of  the 
water.  This  pressure  was  added  to  the  other  friction  losses  in  the 
line  and  to  the  boiler  pressure.  The  excessive  pressure  eventually 
cracked  the  cylinder  head.  When  a  writer  attempts  to  ridicule  a 
consulting  engineer  for  assuming  conservative  figures  he  must  re- 
member that  the  engineer  has  got  to  think  of  his  client  having  an 
operating  plant  year  in  and  year  out  and  not  having  a  plant  that 
has  simply  novelties  to  depend  upon.  Also,  he  must  remember  that 
having  an  efficient  plant  rather  than  merely  an  efficient  heater  is  the 
chief  consideration  of  the  consulting  engineer. 

In  estimates  on  the  quantity  of  hot  water  required  for  any  given 
building  I  have  been  using  a  set  of  figures  that  I  have  gathered  from 
various  sources  and  have  tabulated  for  easy  reference.  In  it  I  give 
separate  columns  for  various  types  of  buildings,  such  as  apartment 
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houses,  clubs,  hospitals,  industrial  plants,  laundries,  etc.  Under 
each  column  I  list  the  gallons  per  hour  of  hot  water  per  fixture 
indicating  the  fixtures  about  as  follows :  Private  basins,  public 
laboratory  basins,  bath  tubs,  showers,  laundry  tubs,  laundry  re- 
volving wheels,  dish  washers,  kitchen  sinks,  slop  sinks,  etc.  Then 
below  each  column  I  give  the  percentage  of  the  total  maximum 
draught  that  is  likely  to  be  required  in  any  one  hour.  These  vary 
from  35  per  cent  on  apartment  houses  to  100  per  cent  in  laundries 
and  industrial  plants.  I  will  be  glad  to  send  blue  print  copy  of 
this  list  to  any  who  may  ask  for  it. 

Mr.  Alt  gives  a  list  of  standard  sizes  of  heaters  giving  fixed 
combinations  of  storage  capacity  with  heating  capacity.  He  implies 
that  in  order  to  obtain  stock  deliveries  one  must  choose  from  this 
list  or  similar  list  of  other  manufacturers  giving  fixed  combinations 
of  storage  and  heating  capacity.  This  implication  should  be  cor- 
rected for  most  manufacturers'  stock  shells  and  heating  elements 
separately.  They  can  usually  make  any  combination  of  storage  and 
heating  capacity.  Relatively  large  heating  capacity  is  limited  only 
by  the  size  of  any  individual  shell.  By  this  method  of  stocking 
shells  and  heating  elements  separately  manufacturers  are  able  to 
give  more  flexible  service  and  can  meet  demand  for  prompt  ship- 
ments. 

The  Author:  In  regard  to  Mr.  Nichols'  diagrams,  I  might  re- 
mark that  the  use  of  6  or  T  times  the  quantity  of  average  use  is 
rather  unusual,  it  seems  to  me,  in  a  building,  although  I  do  not  say 
it  is  impossible  or  anything  of  that  sort.  It  is  entirely  possible 
in  buildings  of  an  institutional  character,  that  all  the  inmates  may 
be  required  to  bathe  during  the  same  period,  and  thus  produce 
unusual  water  consumption.  The  schedule  I  submitted  in  this 
paper  has  been  used  by  myself  for  several  years  and  on  different 
types  of  buildings  and  upon  that  basis,  none  of  the  buildings  has 
been  short  of  hot  water.  That  may  lead  to  the  conviction,  perhaps, 
that  the  service  is  excessive.  On  that  point,  I  can  relate  one 
circumstance  where,  in  a  school  on  some  gang  showers  they  neg- 
lected to  put  on  spring  valves,  and  the  attendant,  not  liking  to 
step  into  the  room,  would  go  in  and  turn  those  showers  on  and 
leave  them  running.  That  was  abusing  the  system  a  little  bit  and 
they  ran  out  of  hot  water ;  in  order  to  remedy  this  we  put  on 
spring  valves  in  the  individual  shower  heads  and  when  that  was 
done  the  hot  water  supply  was  sufficient,  showing  that  the  cal- 
culation was  entirely  correct  on  the  basis  of  a  reasonable  supply 
of  hot  water. 
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In  regard  to  using  water  which  is  heated  considerably  above  the 
normal  point,  I  pointed  out  in  the  paper  that  150  deg.  was  generally 
assumed  as  the  maximum  temperature  for  hot  water  service.  There 
is  another  consideration  that  enters  into  that;  if  you  heat  your 
water  to  150  deg.  in  your  tank,  it  is  not  150  deg.  when  it  gets  to 
the  fixture;  there  is  the  line  loss  and  dead  water  standing  in  the 
pipe;  the  man  drawing  the  w^ater  in  the  fixture  will  draw  it  until 
the  water  gets  warm  enough  to  suit  him. 

As  to  heating  it  to  a  higher  temperature,  that  is  impracticable. 
From  the  plumbing  standpoint,  you  can  not  aflford  to  subject  your 
fixture  to  any  more  temperature  change  than  absolutely  necessary, 
for  the  simple  reason  that  the  surface  on  it  (being  of  a  different 
substance)  is  liable  to  crack  and  scale  off.  I  have  seen  several 
instances  where — the  water  being  too  hot — directly  under  the  hot 
water  faucet,  the  enamel  glaze  has  cracked  and  scaled  oft  the  iron. 
Temperature  changes  are  bad  for  the  plumbing  fixture  and  exces- 
sively high  temperature  is  also  bad  for  the  washers  on  the  hot 
water  faucet  and  is  not  to  be  recommended.  The  slight  saving 
in  the  coal  pile  will  be  more  than  eaten  up  by  the  damage  done 
on  the  plumbing  end  of  it,  so  I  do  not  think  that  increasing  the 
hot  water  temperature  will  be  a  true  economy. 

In  regard  to  the  pressure  of  steam  in  the  heater  and  whether 
it  is  an  open  water  tube  or  steam  tube  heater — the  normal  hot 
water  heater  used  in  buildings  today  is  of  the  steam  tube  type  to 
get  the  water  storage,  and  there  is  no  doubt  but  what  the  water 
storage  heater  does  cut  down  the  water  consumption  and  the  coal 
consumption  on  the  peak  load.  If  Mr.  Nichols  had  had  that,  his 
hot  water  would  have  gone  along  with  the  normal  exhaust  steam 
supply  and  he  would  not  have  exceeded  his  available  exhaust.  I 
think  that  answers  the  question.  The  idea  of  the  paper  was  to  give 
the  heating  engineer  something  on  which  to  base  a  calculation  when 
he  is  given  a  set  of  plans  and  told  to  provide  proper  capacity  for 
hot  water  heating,  and,  when  so  applied  will  work  out,  with  a  little 
judgment,  in  a  very  good  way. 
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By  J.  E.  Emswiler/  Ann  Arbor,  Mich. 
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IN  this  paper  are  presented  some  data  relative  to  the  amount  of 
steam  required  to  heat  the  buildings  of  the  University  of  Michi- 
gan, and  the  velocity  with  which  the  steam  is  conveyed  through 
some  of  the  pipes,  together  with  a  description  of  the  method  em- 
ployed in  the  measurements.  ' 

Besides  whatever  of  general  interest  the  paper  may  have  for  the 
Society,  it  is  believed  that  the  matter  contained  in  it  will  be  of  rather 
special  interest  to  those  members  who  inspected  the  heating  system 
of  the  University  at  the  time  of  the  Semi-Annual  Meeting  of  July, 
1916,  when  a  special  session  was  held  at  Ann  Arbor. 

The  experiments,  herein  described,  were  undertaken  at  the  request 
of  the  Buildings  and  Grounds  Department  of  the  University,  to  de- 
termine the  velocity  and  quantity  of  steam  that  is  being  carried 
through  the  low  pressure  heating  mains  fed  from  the  central  heating 
plant.  The  Buildings  and  Grounds  Department  is  confronted  with 
the  problem  of  soon  extending  the  central  heating  system  to  serve 
the  new  Michigan  Union  Building,  as  well  as  that  of  providing  heat 
for  the  new  and  larger  Library.  Some  information  as  to  the  present 
load  on  the  heating  mains  was  therefore  necessary,  and  it  was  in 
this  connection  that  the  experiments  were  made. 

The  low  pressure  steam  furnished  for  heating  is  made  up  in  part 
of  the  exhaust  from  the  500  k.w.  main  generating  unit  of  the  plant 
and  its  auxiliaries.  But  the  amount  of  exhaust  steam  is  by  far  too 
small  in  colder  weather,  and  the  greater  part  of  the  steam  used  for 
heating  is  delivered  directly  into  the  low  pressure  main  through  a 
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reducing  pressure  valve  from  the  high  pressure  header  in  the  plant. 
The  proportion  of  exhaust  steam  and  reduced  pressure  steam  of 
course  varies  throughout  the  day  with  the  variation  in  load  on  the 
engine  unit,  but  the  average  for  the  winter  time  is  about  35  per  cent 
exhaust  and  75  per  cent  reduced  pressure  steam. 
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FIG.   1.     DIAGRAM  OF  MAIN  HEATING  LINES  AND   BUILDINGS   (ABOVE) 

FIG.  2.     CURVES   SHOWING  VELOCITIES  OF  STEAM  IN  THE 

The  entire  amount  of  heating  steam  is  conveyed  from  the  plant 
through  a  20  in.  main  at  pressures  varying  from  4  to  9  lb.  above 
atmospheric  pressure.  At  the  ''substation,"  Fig.  1,  just  north  of  the 
Medical  Building,  the  20  in.  main  divides  into  four  12  in.  pipe 
branches,  of  which  one  serves  the  gymnasium;  one  goes  to  the 
west,  serving  the  Chemistry  Building,  Natural  Science  Building,  Hill 
Auditorium,  etc. ;  the  other  two  go  to  the  south,  serving  the  build- 
ings on  the  eastern  side  of  the  Campus,  and  after  being  tied  together 
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in  the  old  power  house,  one  Hne  passes  to  the  west,  serving  the 
buildings  in  that  direction  and  finally  tying  in  with  the  other  western 
branch  by  a  6-in.  line,  under  University  Hall,  and  so  completing  the 
Campus  loop.  The  diagram  of  Fig.  1  (see  page  258)  will  readily 
explain  the  arrangement. 

The  instruments  of  measurement  employed  were  the  Pitot  tube 
and  special  manometer.  The  Pitot  tube  used  is  of  the  form  shown 
in  Fig.  3.  The  static  and  total  pressure  elements  are  separate,  S 
representing  the  static  and  T  the  total.  The  tip  of  the  static  ele- 
ment, presented  to  the  current,  is  plugged  and  the  end  nicely 
rounded.     There  are  three  1/16  in.  holes  on  each  side  of  the  tip 
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LOW-PRESSURE  HEATING  MAINS,  AS  WELL  AS  AMOUNTS  FLOWING. 

for  the  communication  of  static  pressure.  In  addition,  there  is  a 
row  of  three  holes  in  the  bottom  of  the  tip,  to  permit  any  condensa- 
tion which  may  have  formed  in  the  tube  to  drain  out  without  ob- 
structing the  other  openings.  The  total  tube  is,  of  course,  open  at 
the  end  of  the  tip.  Both  tubes  are  made  of  }i  in.  pipe,  nickel  plated. 
The  large  size  was  selected  in  order  to  obviate  any  possibility  of  a 
drop  of  water  filling  the  crossrsection  and  interfering  with  the  com- 
munication of  the  true  pressure. 
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The  tubes  enter  the  steam  pipe  through  the  stuffing  boxes  B.  The 
total  tube  is  of  sufficient  length  to  permit  of  a  traverse  of  the  pipe. 
G  is  a  guide  extending  from  the  tube  in  the  same  direction  as  the  tip, 
and  serves  to  align  the  tip  with  the  pipe.  F  is  a  valve  for  shutting 
ofif  the  steam  from  the  connections,  when  necessary.  C  is  the  con- 
nection to  the  manometer.  A  pressure  connection  for  a  gage  or 
mercury  manometer  can  be  made  to  the  static  tube  beyond  the 
valve  R. 

The  form  of  manometer  finally  devised  to  register  the  differential 
pressure  between  total  and  static,  that  is  the  velocity  pressure,  is  also 
illustrated  in  Fig.  3.  The  static  connection  is  made  at  A,  the  pres- 
sure being  communicated  to  the  ^  in.  gage  glass  L.  The  total  pres- 
sure connection  is  made  at  K.  The  pressure  is  exerted  upon  the 
water  in  the  1  in.  pipe  chamber  E.  The  part  D  is  not  a  pipe,  but 
merely  a  solid  connector.  The  water  in  E  stands  at  the  level  of  the 
overflow  pipe  F,  so  that  the  height  of  water,  p,  in  the  glass  above  a 
zero  reading  on  the  scale  corresponding  to  the  top  of  the  overflow 
pipe  in  E  represents  the  velocity  pressure  of  the  steam  in  inches  of 
water.  Condensation  ki  either  E  or  L  can  not  accumulate  and  alter 
the  level  in  E,  so  long  as  the  overflow  chamber  H  is  not  full. 

In  its  essential  features,  the  manometer  is  patterned  after  a  similar 
apparatus  described  by  Professor  Gebhardt,  in  the  Transactions  of 
The  American  Society  of  Mechanical  Engineers,  Volume  31  (1909). 

It  will  be  noted  that  the  entire  apparatus  is  constructed  with  the 
idea  in  mind  of  taking  care  of  condensation  as  it  is  formed,  and 
obviating  any  errors  that  might  result  from  its  presence.  With  the 
same  thing  in  mind,  the  connecting  pipes  between  the  Pitot  tube  and 
manometer  were  relatively  large  in  size,  and  the  greatest  care  was 
exercised  to  see  that  there  were  no  pockets  for  the  accumulation  of 
condensation.  It  was  at  first  thought  that  rubber  tubing  could  be 
used,  but  after  some  preliminary  trials,  it  became  apparent  that  the 
heat  and  pressure  of  the  steam  was  beyond  the  limits  of  the  rubber. 
Owing  to  the  necessity  of  keeping  the  connecting  tubes  free  of 
water  at  all  times,  the  hot  steam  itself  came  in  contact  with  the 
rubber,  causing  it  to  rot  and  ultimately  rupture.  Flexible 
metallic  gas  tubing  was  then  tried  but  was  soon  found  to  develop 
small  leaks.  Finally,  after  the  proper  position  of  the  total  tube  in 
the  pipe  had  been  determined  by  traversing,  the  connections  between 
tubes  and  manometer  were  made  of  solid  >4  in-  "'on  pipe,  and  after 
that,  no  trouble  was  experienced. 

Pitot  tubes  were  installed  in  the  20  in.  line,  near  the  substation. 
This  location  was  known  as  station  B.  Similarly,  tubes  were  in- 
stalled in  the  several  branches  to  the  gymnasium,  to  the  west,  and 
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the  two  to  the  south,  and  the  stations  were  designated  respectively 
C,  D,  E  and  F  in  Fig.  1.  The  combined  flow  measured  at  C,  D,  E 
and  F,  should  total  up  to  the  amount  measured  at  B,  and  this  fact 
affords  a  check  on  the  accuracy  of  measurement. 

It  was  obviously  out  of  the  question  to  traverse  the  pipes  at  the 
frequent  intervals  of  reading.  The  pipes  were  therefore  traversed 
beforehand  and  a  certain  position  for  the  total  tube  ascertained,  at 
which  point  the  same  velocity  pressures  were  indicated  as  resulted 


Fic;    3. 


DETAILS    OF    THE    PITOT    TUBE    AND    SPECIAL    MANOMETER    USED 
FOR   THE   TESTS. 


from  the  average  of  the  10  points  on  the  diameter  of  traverse.  This 
matter  of  ascertaining  an  average  position  offered  much  more  diffi- 
culty than  might  be  expected.  The  rate  of  steam  flow  was  subject 
to  frequent  and  considerable  variation,  so  that  in  traversing  one 
could  not  be  sure .  that  a  difference  between  readings  at  different 
points  was  due  to  difference  of  position  of  the  total  tube  in  the  pipe. 
A  plan  was  finally  suggested  which  made  a  fairly  satisfactory  solu- 
tion possible.  The  tube  was  set  on  a  certain  point  in  the  traverse, 
say  position  1.  A  reading  was  taken  on  the  manometer  and  instantly 
the  tube  was  slipped  to  position  2  and  a  reading  on  the  manometer 
again  taken.     Then,  after  a  few  moments,  a  reading  on  position  2 
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was  taken  and  the  tube  immediately  slipped  to  position  1  and  a 
reading  taken  there.  This  was  repeated  many  times,  the  averages 
finally  furnishing  a  pretty  accurate  relation  between  the  velocity 
pressures  at  these  two  points.  Then  a  comparison  was  made  between 
positions  2  and  3  and  so  on  across  the  pipe.  The  position  of  average 
reading  having  been  established,  the  tube  was  set  there  and  but  a 
single  indication  was  then  necessary. 

The  pressure  of  the  steam  was  indicated  at  stations  B  and  D  by 
mercury  U-tubes.  The  temperature  of  the  steam  at  B  was  registered 
by  a  thermometer  in  a  well  in  the  pipe.  It  is  interesting  to  note  that 
the  steam  was  superheated  at  that  point,  usually  to  the  extent  of  40 
or  50  deg. 

Observations  were  begun  at  3  P.M.  on  Thursday,  February  1,  and 
were  continued  for  a  week,  ending  Thursday,  February  8th.  Read- 
ings at  the  five  stations,  B,  C,  D,  E  and  F,  were  taken  every  fifteen 
minutes.  The  work  was  done  by  students  of  the  Engineering  Col- 
lege; the  men  worked  in  8  hour  shifts  of  two  men  each.  Owing  to 
difficulties  in  getting  started  and  necessary  changes  in  the  apparatus, 
observations  taken  up  to  Sunday  morning  were  not  considered  re- 
liable and  are  not  presented  in  the  curves. 

The  velocity  of  the  steam  is  calculated  by  the  equation  V'  = 
2  g  h,  where  h  refers  to  the  velocity  head  measured  in  feet  of  the  sub- 
stance flowing.    The  working  form  of  the  equation  reduces  to 

V  =  1096  yp  ys 
where  V  =  velocity  in  ft.  per  min. 

p  =  velocity  pressure  in  inches  of  water, 
.y  =  specific  volume. 

The  curves  of  Fig.  2  show  the  velocities  of  the  steam  in  the  several 
pipes,  as  well  as  the  amount  flowing,  for  the  period  of  time  from 
7  A.M.  Sunday,  February  4th,  to  3  P.M.  Thursday,  February  8th, 
when  the  observations  were  ended.  The  uppermost  curve  shows  the 
outside  temperature  which  prevailed  at  the  time. 

The  velocity  curves  show  that  pipe  D  is  much  more  heavily 
loaded  than  any  of  the  others.  The  maximum  velocity  indicated  is 
nearly  15,000  ft.  per  min.  Pipe  B  (20  in.  main)  is  next,  with  a 
maximum  velocity  indicated  of  something  over  12,000  ft.  per  min. 

Comparing  the  curves  which  show  the  flow  through  B  (the  20-in. 
pipe)  and  the  sum  of  the  flows  in  the  four  branches,  T,  it  is  apparent 
that,  while  there  is  not  perfect  agreement,  by  any  means,  the  check 
is  sufficiently  satisfactory  considering  the  difficulties. 

At  night,  the  valves  to  all  the  12  in.  branches  except  D  are  usually 
shut  between  the  hours  of  10  or  11  P.M.  to  3  or  4  A.M.  and  the 
amount  of  steam  falls  to  a  relatively  low  value. 


Meas.  of  Low  Pressure  Steam  Used  for  Heating,  J.  E.  Emswiler        263 

The  demand  for  steam  is  greatest  during  those  hours  of  the  day 
when  the  ventilating  fans  are  on,  that  is — from  about  8  A.M.  until 
4  P.M. 

The  maximum  demand  for  steam  was  on  Monday,  which  was  the 
coldest  day,  when  a  rate  of  nearly  G0,000  lb.  per  hour,  curve  B  or  T, 
Fig.  2,  was  required  for  8  hours.  The  average  demand  for  steam 
on  that  day  was  about  47,000  lb.  per  hour. 

The  total  amount  of  radiation  served  by  the  steam  measured  is 
170,140  sq.  ft.  and  is  distributed  as  shown  by  the  diagram  of  Fig.  1. 
The  figures  above  do  not  represent  the  entire  amount  of  radiation  in 
the  University  buildings.  It  will  be  noted  in  the  diagram  of  Fig.  1 
that  there  are  three  buildings  between  the  heating  plant  and  the 
"substation"  that  took  off  steam  which  therefore  did  not  reach  the 
place  of  measurement.  Another  building  of  7900  sq.  ft.  of  radiation 
was  served  by  high  pressure  steam  reduced  at  the  building,  and  there- 
fore not  accounted  for  in  the  measurement.  And  finally  the  Uni- 
versity Hospitals,  with  a  total  radiation  of  several  thousand  square 
feet,  are  heated  by  an  independent  plant. 

With  the  method  of  measurement  employed,  some  difficulties  were 
encountered  which  it  may  be  well  to  point  out  here. 

Not  only  were  there  frequent  variations  in  the  flow,  but  there 
were  rhythmic  pulsations,  due  to  the  discharge  of  the  low-pressure 
cylinder  of  the  engine  into  the  main.  It  seems  incredible  that  the 
engine's  discharge  could  be  noticeable  in  a  receiver  20  in.  in  diameter 
and  nearly  a  third  of  a  mile  long,  and  yet  every  stroke  of  the  engine 
is  distinctly  visible  in  its  effect  on  the  water  level  in  the  manometer, 
not  only  at  station  B  in  the  20  in.  pipe,  but  in  the  stations  in  the 
branches,  though  to  a  lesser  extent.  These  pulsations  necessitated 
the  partial  closure  of  the  valve  M  (Fig.  3),  in  order  to  dampen  the 
fluctuations  of  the  water  in  the  glass  and  make  observations  possible. 
Pulsating  flow  introduces  some  error  in  itself  and  in  this  case  prob- 
ably causes  another  error  allowing  some  of  the  water  in  E  (Fig. 
3)  to  splash  out  through  the  overflow  pipe  and  thus  change  the  zero. 

Any  leakage  in  the  apparatus  or  connecting  tubes  is  fatal  to 
accurate  readings. 

A  difference  in  rate  of  condensation  in  the  connecting  tubes  may 
introduce  an  appreciable  error.  This  was  guarded  against  as  far  as 
possible  in  the  installation  of  the  apparatus,  and  was  further 
remedied  by  covering,  or  partially  covering,  some  of  the  pipes  so  as 
to  leave  the  same  length  exposed. 

More  nearly  accurate  results  were  undoubtedly  obtained  at  the 
higher  velocities,  where  the  velocity  pressure  was  large.  It  re- 
quires a  velocity  nearly  5,000  ft.  per  min.  to  cause  a  velocity  pressure 
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of  1  in.  of  water ;  whereas  a  velocity  of  10,000  ft.  per  min.  will  give 
a  reading  of  4  in.  The  maximum  velocity  observed,  about  15,000 
ft.  per  min.,  caused  a  deflection  of  approximately  9  in.  in  the  water 
level  of  the  manometer. 

A  station  was  also  established  at  A,  on  the  20  in.  main,  at  a  point 
near  the  heating  plant  (see  diagram  of  Fig.  1).  Only  a  few  observa- 
tions were  made  at  A,  partly  because  of  the  lack  of  men,  and  partly 
because  of  the  more  violent  fluctuations  in  pressure  due  to  the  en- 
gine's exhaust. 

Such  observations  as  were  obtained  indicated  that  there  was  a  loss 
of  pressure  from  A  to  B,  a  distance  of  about  1500  ft.  of  20  in.  pipe, 
of  3}i  in.  of  mercury  with  57,000  lb.  of  steam  per  hour  passing  A, 
and  about  6000  lb.  withdrawn  for  the  buildings  connected  between 
A  and  B. 

Also  for  the  same  conditions,  there  appeared  to  be  but  2  or  2^/^ 
deg.  less  superheat  at  B  than  at  A.  Taking  into  account  both  the 
drop  in  pressure  and  the  small  reduction  of  superheat,  the  actual  loss 
of  heat  per  pound  of  steam,  by  radiation,  is  about  2.7  B.t.u.  Assum- 
ing 53,000  lb.  per  hour  as  the  average  rate  of  steam  flow  between 
A  and  B,  the  total  loss  of  heat  from  the  20  in.  pipe  is  143,000  B.t.u. 
per  hour.  The  average  temperature  of  the  steam  within  the  pipe 
was  about  270  deg.,  and  that  of  air  in  the  tunnel,  about  130  deg., 
the  difference  being  140  deg.  The  total  surface  of  the  20  in.  pipe 
between  A  and  B  is  about  7800  sq.  ft.  On  the  basis  of  these  figures, 
the  heat  loss  is  about  0.13  B.t.u.  per  hr.  per  sq.  ft.  per  deg.  difference 
in  temperature,  which  seems  rather  low,  even  though  the  pipe  is 
very  well  covered.  The  close  proximity  of  other  pipes  in  the  tunnel 
may  have  an  influence  also. 

It  is  evident  that  this  installation  furnishes  some  possibilities  for 
obtaining  very  valuable  information,  relating  to  the  friction  of  steam 
flowing  in  pipes,  and  it  is  proposed  to  attempt  further  investigation 
of  this  problem  during  the  next  year. 


No.  486 

THE  SEMI-ANNUAL  MEETING 
1918 

AMERICAN  SOCIETY  OF  HEATING  AND  VENTILATING  ENGINEERS 


THE  Semi-Annual  Meeting  of  The  American  Society  of  Heat- 
ing and  Ventilating  Engineers  which  was  the  forty-sixth 
regular  professional  Meeting  of  the  Society,  was  another  Con- 
servation Meeting,  in  which  renewed  attempts  were  made  to 
render  concrete  assistance  to  the  Government.  This,  the  third  regu- 
lar Meeting  of  the  Society  since  our  country  has  been  at  war,  has 
found  the  industries  to  which  this  organization  is  most  closely  allied, 
operating  under  unusual  stress,  and  many  of  the  Departments  of  the 
Government  in  need  of  assistance  and  advice  along  many  lines.  To 
be  of  the  greatest  possible  assistance  to  the  Government,  was  con- 
sidered by  the  Ofificers  the  patriotic  duty  of  the  Society,  and  it  is  the 
belief  that  this  Meeting  proved  very  definitely  what  may  be  accom- 
plished toward  this  end  by  well-directed  effort. 

The  registration  at  this  Meeting  was  reasonably  large  in  view  of 
present  industrial  conditions  and  the  restrictions  upon  railroad  travel, 
there  being  45  members  registered  and  59  guests,  a  total  attendance 
of  104.  This  attendance  compares  favorably  with  the  average  at- 
tendance at  Semi-Annual  Meetings  during  recent  years.  The  suc- 
cess of  the  Meeting,  like  that  held  in  Chicago  in  1917,  serves  as  a 
suitable  vindication  of  the  judgment  of  the  Officers  in  undertaking 
to  hold  the  Meeting  under  present  conditions  in  order  that  such 
assistance  as  might  be  available  should  be  placed  before  the  various 
Government  Departments. 

The  professional  features  of  the  Meetings  were  unusually  inter- 
esting, involving  Committee  Reports  of  unusual  importance  and  an 
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interesting  array  of  technical  papers.  The  address  by  the  President 
at  this  Meeting  was  a  most  striking  analysis  of  present  conditions  in 
this  field  of  engineering  and  pointed  out  many  of  the  important 
changes  that  must  come  to  place  our  profession  on  a  proper  footing. 
It  reviewed  the  recent  advances  that  have  been  made  by  the  Society 
and  clearly  indicated  the  important  place  which  this  Society  is  pre- 
paring to  take  in  public  affairs  in  the  near  future. 

In  connection  with  the  reports  of  Committees,  annual  reports  of 
the  local  chapters  were  received  and  also  reports  from  the  Committee 
to  Confer  with  the  Bureau  of  Mines,  from  the  Publication  Com- 
mittee, and  from  the  Chicago  Commission  on  Ventilation.  One  fea- 
ture of  the  Sessions  was  a  discussion  of  the  report  by  Prof.  A.  C. 
Willard  on  Heat  Transmission  of  Standard  Building  Material,  in 
Bulletin  No.  102  of  the  Engineering  Experiment  Station  at  the  Uni- 
versity of  Illinois. 

Special  features  of  the  Meeting  involved  a  Session  on  Drying  at 
which  the  Society  was  honored  by  an  address  from  Mr.  H.  C.  Gore, 
Chemist  in  Charge,  Department  of  Agriculture,  and  a  Session  de- 
voted to  Fuel  Conservation.  There  were  several  interesting  and 
valuable  Topical  Discussions,  one  of  the  most  important  of  which 
was  that  devoted  to  Community  Dryers.  A  novelty  in  the  Pro- 
fessional Sessions  was  introduced  in  the  arrangement  for  holding 
one  of  the  Professional  Sessions  at  the  Buffalo  Canoe  Club,  at  Abino 
Bay  on  the  Canadian  shore  of  Lake  Erie,  which  involved  an  enjoy- 
able ten-mile  sail  across  the  lake  and  unusually  pleasant  surround- 
ings for  the  Session : 

The  program  of  the  Meeting  was  arranged  as  follows : 


PROGRAM  OF  SEMI-ANNUAL  MEETING 
FIRST  SESSION 

Wednesday,  June  26,  10  A.  M. 

Welcome  Address 
Response  by  President 
Annual  Reports  of  Chapters 

Illinois  Michigan 

Kansas  City  New  York 

Minnesota  Ohio 

Eastern  Pennsylvania 
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Report  of  Committee  on  Research  Bureau. 

Report  of  Committee  to  Confer  with  Bureau  of  Mines. 

Report  of  PubHcation  Committee. 

Paper : 

Electrical  Method  of  Testing  Radiators,  by  J.  E.  Emswiler. 
Topical   Discussion  : 

Velocity  of    Steam   Flow   in   Mains   to   Prevent   Condensation   Draining 
Back. 

SECOND  SESSION 

Wednesday,  June  26,  2  P.  M. 

PROFESSIONAL  SESSION 

Paper : 

The  Heat  Transmission  of  Standard  Building  Materials,  by  A.  C.  Willard. 

Paper : 

Ventilation  of   Mines,  by  Thos.   Chester. 

Topical  Discussion : 

The  use  of  Independent  Air  Heater  Units  for  Factories,  Warehouses  and 

Large    Interior    Spaces. 
Open   Window   Ventilation  of   Schools. 

THIRD  SESSION, 

Thursday,  June  27,  9.30  A.  M. 
DRYING   SESSION 

Address — By  H.  C.  Gore,   Chemist,   Department  of   Agriculture. 

Paper : 

How   Food   Will  Win   the   War,   by  W.   A.    Perry. 

Paper : 

Food  Dryers  and  the  Use  of  Schoolhouses  for  Drying,  by  W.  L.  Fleisher. 

Topical  Discussion : 

Community   Dryers. 

FOURTH  SESSION 

Thursday,  June  27,  3  P.  M. 

PROFESSIONAL  SESSION 

at  Buffalo  Canoe  Club.  Ahiuo  Bay 

Paper : 

Reasons  for  Failures  of  Heating  Systems,  by  J.  D.  Floffman. 

Paper : 

A  Campaign  for  Fuel   Economy  in  House  Heating,  by  C.  W.  Baker. 

Paper : 

Economy  in    Heating,   by   Konrad   Meier. 

Paper : 

Reforms  in  the  Design  of  Hot  Air  Heating  Plants,  by  C.  W.  Baker. 
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FIFTH  SESSION 

Friday,  June  28,  10  A.  M. 

FUEL  CONSERVATION  SESSION 
Paper  : 

Spontaneous   Combustion,  by  Dr.    M.    W.   Franklin. 
Paper : 

Notes  on  Spontaneous  Combustion  of  Coal  (Statement — U.  S.  Bureau  of 
Mines). 
Paper : 

Heating  the  Base  Hospital  at  Camp  Dodge,  by  P.  M.  O'Connell. 
Paper : 

Duty  of  the  Emploj^er  in  the  Reconstruction  of  the  Crippled  Soldier,  by 
D.    C.    McMurtrie. 
Topical    Discussion  : 

Fuel  Consumption  Required  for  Operation  of  Air  Washers. 


PROGRESS  REPORT  OF  THE  COMMITTEE  ON 
RESEARCH  BUREAU 

THE    following   outline   is    here   presented   of   the    way    in    which   the 
Committee  is  proceeding  with  this  undertaking : 

It    has    been    decided    that    the    name    of    this    bureau    shall    be: 
The    Research     Bureau    of    the    American     Society    of    Heating    and 
Ventilating  Engineers. 
The  purposes  and  organization  details  are  as  follows  : 

a.  This   bureau   is  created   for   the  purpose   of   establishing  basic   standards 

for  heating  and  ventilation. 

b.  This  bureau  shall  be  under  the  immediate  supervision  of  the  standing 
directing  Committee  appointed  by  the  Council  of  the  Society  for  this 
purpose. 

c.  This  Committee  shall  employ,  subject  to  the  approval  of  the   Council,  a 

director  who  shall  devote  his  entire  time  to  the  work  of  this  bureau. 

d.  This  bureau  shall  operate  in  conjunction  with  the  U.  S.  Bureau  of  Mines 
and  with  such  educational  institution  laboratories  and' experiment  sta- 
tions as  the  directing  Committee  may  select. 

e.  The  directing  Committee  shall  report  to  the  Council  as  to  the  work  and 

findings  of  this  Bureau;  such  reports  or  data  tlicrefrom  to  be  edited  and 
published  by  the  Council  through  the  Publication  Committee  from  time 
to  time  in  the  Journal  of  the  Society,  as  official  conclusions  of  The 
American  Society  of  Heating  and  Ventilating  Engineers  upon  the 
various  subjects  handled  by  the  Bureau. 
The  outline  of  the  work  to  be  immediately  undertaken  is  as  follows  : 

1.  The  defining  of  proper  heating  and  ventilating  conditions  and  the  deter- 

mination of  the  best  methods  of  maintaining  such  conditions  in  homes, 
public  buildings  and   factories. 

2.  Determinations  which  would  tend  to  place  some  of  our  most  commonly 

used  methods  of  heating  and  ventilating,  such  as  the  warm  air  furnace 
system,  on  a  more  scientific  basis. 

3.  Determinations   of   the   most   efficient   methods    of   burning   all   kinds    of 

fuel  in  house  heating  apparatus. 

4.  Determinations  of  a  more   scientific  basis  for  the  standard   factors  con- 

nected with  the  art  of  heating  and  ventilating,  such  as  the  heat  loss 
through  various  building  materials,  number  of  natural  air  changes  in 
various  types  of  buildings,  the  efficiency  of  various  kinds  of  radiation 
under  various  conditions  of  use,  pipe  size  factors  for  different  types  of 
heating  systems,    factors    for   air   duct   designs,   etc. 

Presented  at  the   SemiAnnual    Meeting  of  The  American   Society  of   Heating  and 
Ventilating  Engineers,   Buffalo,   N.  Y.,  June,   1918. 
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5.  Determinations  of  more  scientific  methods  for  meeting  some  of  our 
unusual  heating  and  ventilating  conditions,  such  as  those  connected  with 
the  modern  tall  office  buildings,  the  modern  large  factory  buildings  and 
buildings  requiring  intermittent  service,  as  compared  with  those  requir- 
ing continuous  service. 
The  committee  estimates  that  the  necessary  yearly  expenses  for  main- 
taining this  bureau  will  be  about  as  follows : 

Director's    salary    $  4,000.00 

Two   assistants    2,400.00 

Clerical   work    780.00 

Traveling  expenses    500.00 

Instruments    1,000.00 

Apparatus     1,000.00 

Sundries    320.00 


TOTAL  $10,000.00  per  year 

It  is  the  opinion  of  the  Committee  that  this  work  should  not  be  under- 
taken until  the  Society  is  assured  an  annual  income  for  this  purpose  of  not 
less  than  Ten  Thousand  ($10,000.00)  Dollars  for  a  period  of  at  least  five 
(5)  years.  It  is  also  our  opinion  that  an  annual  income  of  twice  this 
amount  could  be  used  to  good  advantage. 

J.    Irvine    Lvle,    Chairman. 
Harry  M.  Hart, 
J.   D.    Hoffman, 
Wm.   F.    McDonald, 
Wm.  W.  Macon, 
James  W.  H.  Myrick, 
Perry   West. 
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Research    Bureau 


DISCUSSION 

James  H.  Davis  :  I  move  that  the  Report  be  received  and  placed 
on  file. 

The  motion  was  seconded  by  Mr.  Armagnac. 

J.  I.  Lyle:  There  is  one  thing  that  does  not  appear  in  this 
Report  which  the  Committee  has  discussed  and  seemed  to  be  quite 
unanimous  on,  the  question  of  the  method  to  be  used  in  the  raising 
of  the  money  to  carry  on  this  work.  We  believe  that  while  the 
people  of  the  country  are  being  asked  for  more  subscriptions  now 
than  ever  before,  on  the  other  hand  they  are  being  educated  to  the 
giving  of  money  for  all  kinds  of  laudable  purposes,  and  that  the 
raising  of  this  money  is  not  going  to  be  such  a  difficult  matter.  I 
believe  we  will  be  able  to  get  the  money. 

We  propose  to  make  a  card  index  of  all  the  men  or  concerns  that 
are  connected  with  heating  and  ventilation  at  all  and  to  look  up  their 
ratings,  find  out  what  they  are  worth,  and  get  a  total  from  which 
to  pro-rate  or  make  up  a  budget  of  what  each  concern  ought  to  give. 
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Then  we  propose  to  send  these  cards  to  all  the  Chapters,  dividing 
the  country  up  geographically  and  giving  each  Chapter  the  cards 
within  that  territory,  and  ask  each  Chapter  to  appoint  a  Research 
Committee  to  undertake  the  raising  of  subscriptions  from  the  people 
in  that  territory.  The  object  of  having  the  index  cards  is  exactly  like 
that  in  campaigns  carried  on  through  the  Y.  M.  C.  A.  and  other  or- 
ganizations, where  solicitors  are  not  supposed  to  solicit  funds  from 
a  man  unless  they  have  his  card.  In  that  way  we  will  prevent  some 
people  being  approached  by  a  dozen  and  others  being  overlooked. 
We  will  make  a  systematic  canvass  of  the  country  and  everybody 
that  is  in  any  way  deriving  financial  benefit  from  the  art  of  heating 
and  ventilating,  and  I  think  we  will  find  that,  proportionate  to  the 
whole  industry,  the  amount  to  be  given  by  any  one  person  will  be 
small. 

Then  further  we  propose  that  the  subscriptions  shall  be  for  five 
years.  Whatever  amount  anyone  is  going  to  give  ultimately,  he  will 
be  asked  to  make  it  in  five  annual  subscriptions.  I  am  quite  op- 
timistic about  our  being  able  to  raise  $10,000  a  year. 

I  have  visited  the  Bureau  of  Mines  in  Pittsburgh,  where  they  have 
just  built  a  new  million  dollar  laboratory.  They  have  almost  all  the 
facilities  that  a  Bureau  of  this  kind  shoulfl  need,  including  electrical 
equipment,  steam  equipment  and  chemical  laboratories.  It  is  ad- 
jacent to  the  Carnegie  Institute  and  the  Carnegie  Library,  which  is 
a  splendid  atmosphere  for  work  of  this  kind  to  be  carried  on.  Prof. 
Hood,  who  is  in  charge  of  the  laboratories  there,  is  very  anxious  that 
we  should  establish  this  Bureau  in  their  laboratories,  because  while 
they  have  these  buildings,  they  have  not  the  money  to  operate  the 
buildings.  It  requires  a  special  appropriation  from  Congress  for 
everything  they  do.  They  obtain  an  appropriation  for  a  certain 
project  and  they  have  to  carry  that  out.  They  are  in  a  position  to 
give  us  space  and  a  great  deal  of  service  in  the  way  of  power  and 
steam  and  save  us,  of  course,  all  that  expense.  For  the  last  three 
or  four  years,  they  have  had  from  two  to  four  men  continuously 
testing  house  heating  boilers  with  the  object  of  testing  fuel,  but 
nevertheless  their  work  is  right  along  the  line  of  the  work  that  we 
want  to  do. 

The  committee  as  a  whole  is  arranging  to  go  to  Pittsburgh  to  look 
over  this  laboratory.  I  think  in  all  probability  that  if  we  can  raise 
the  money  the  Bureau  will  be  established  at  the  Bureau  of  Mines' 
Laboratory.  That  arrangement  will  be  of  great  assistance  to  us  in 
that  our  Bureau,  as  located  there,  would  have  a  governmental  stamp, 
in  a  sense;  while  the  Bureau  of  Mines  will  not  be  responsible  for 
what  we  do,  the  mere  fact  that  our  Bureau  is  located  there  will 
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indicate  that  we  are  carrying  out  the  work  with  accuracy  and  not 
in  the  interest  of  any  commercial  interest. 

H.  M.  Hart  :  I  hope  that  this  Committee  will  have  the  support 
of  the  entire  organization  in  raising  the  necessary  funds  to  carry  on 
this  work.  We  all  intend  to  give  our  time  freely  and  at  our  own 
expense,  and  I  think  that  the  Society  should  back  us  up  to  the  extent 
of  raising  at  least  the  necessary  funds  for  carrying  on  this  work.  We 
do  not  propose  to  start  anything  unless  we  have  a  guaranteed  mini- 
mum of  $10,000  a  year  for  a  period  of  five  years.  We  cannot  do 
anything  on  any  less  than  that,  but  we  can  spend  to  good  advantage 
a  good  deal  more.  And  I  am  hoping  that  we  will  have  at  our  com- 
mand not  less  than  $20,000  a  year  for  the  next  five  years ;  because 
there  is  so  much  work  to  be  done  that  it  is  more  than  one  laboratory 
can  accomplish  in  a  short  space  of  time. 

As  mentioned  in  the  report,  we  would  like  to  extend  the  scope 
of  the  Committee's  work,  putting  some  of  it  into  the  various  uni- 
versity laboratories  that  are  equipped  for  carrying  on  experimental 
work.  When  we  do  that,  if  this  Society  is  to  get  any  credit  for  the 
work  and  have  the  results  appear  as  its  work,  it  will  have  to  bear  the 
expense.  It  can  readily  be  seen  that  the  more  money  we  have,  the 
more  work  we  will  get  out  in  a  short  space  of  time. 

Frank  G.  Phegley  :  This  research  work  should  be  carried  on, 
but  the  only  stumbling  block  I  can  see  is  the  financing  of  the  re- 
search body.  Would  it  not  be  well  between  now  and  our  January 
meeting  for  our  several  Chapters  to  feel  out  the  manufacturers  who 
are  interested  to  see  to  what  extent  they  might  assist  us  in  the 
financing  of  this  work  ?  In  other  words,  cannot  the  Committee  send 
to  the  Chapters  between  now  and  next  January  a  list  of  the  manu- 
facturers in  their  territory  and  let  us  feel  them  out  so  we  can  make 
some  report  next  January  ? 

J.  I.  Lyle:  We  intend  to  carry  on  the  campaign  for  the  raising 
of  this  money  immediately. 

The  President:  I  believe  there  is  scarcely  an  angle  to 
this  undertaking  that  the  Committee  has  not  been  working  on  and 
gotten  pretty  well  in  hand.  The  Committee  has  taken  hold  of  this 
problem  in  the  most  admirable  manner — more  actively  than  any 
Committee  I  know  of  this  year.  I  think  the  thanks  of  the  Society 
are  due  them  for  the  enthusiasm  and  actual  money  that  they  have 
spent  in  going  around  the  country  looking  up  opportunities  and  in 
correspondence.  This  must  have  infringed  on  the  personal  time 
and  efforts  of  the  Committee  members  to  a  great  extent.  Personally 
I  want  to  congratulate  them  all  on  the  work  they  have  done. 
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BASIS  FOR  LIMITATION  OF  COAL  FOR 
DOMESTIC  PURPOSES 

REPORT  OF  COMMITTEE  TO  CONFER  WITH  BUREAU 

OF  MINES 

CONSERVATION  RULES,  ESTABLISHING  THE  ALLOWANCE.  OF  COAL  FOR  HEATING, 
COOKING  AND  HOT  WATER  SERVICE  FOR  PRIVATE  RESIDENCES,  FLATS,  APARTMENT 
HOUSES,  AND  OTHER  BUILDINGS  OF  RESIDENCE,  WHERE  COAL  IS  USED  FOR  THESE 
PURPOSES    AND    WHERE   A   POWER    PLANT    IS    NOT    IN    OPERATION. 

THE  allowance  of  coal  for  heating  purposes  shall  be  made  on  the  basis 
of  the  number  of  rooms  heated,  taking  into  account  the  locality,  the 
number  and  age  of  persons  occupying  the  rooms,  the  number  of 
rooms  actuaUy  required  to  be  heated  for  proper  living  conditions,  and  the 
application  of  consistent  judgment  for  determinirig  the  number  of  rooms 
upon  which  the  allowance  should  be  made. 

The  allowance  of  coal  per  family  for  cooking  and  hot  water  service  is 
determined  by  the  number  in  family  and  reasonable  conditions  of  use  and 
requirement  based  upon  established  rulings. 

RULE  1.  If  a  family  require  for  its  own  personal  use  6  tons  of  coal  or 
less  for  heating  and  cooking  purposes  per  season,  the  local  Fuel  Admin- 
istrator may  approve  their  application  so  that  they  will  receive  the  full 
amount,  without  regard  to  the  following  rules. 

RULE  2.  The  basis  of  allowance  of  coal  for  heating  per  room  per  heating 
season  shall  be  1  ton  for  apartment  houses  or  houses  with  two  sides  pro- 
tected;  1.2  tons  for  houses  with  one  side  protected;  iVs  tons  for  detached 
houses. 

a.  This  allowance  is  the  maximum  where  there  are  no  children  under 

5  years,  adults  over  GO  years  of  age,  or  invalids. 

b.  It  is  impractical  to  require  heat  to  be  shut  off  from  rooms  not 
necessary  for  family  use,  but  allowance  for  coal  for  heating  such 
rooms  may  be  withheld  by  the  local   Fuel  Administrator. 

RULE.  3.  In  any  locality  having  a  higher  average  normal  temperature  than 
40  deg.  for  the  months  of  October  1st  to  May  1st,  as  given  by  the  near- 
est U.  S.  Weather  Bureau  Station,  the  allowance  of  coal  shall  be  3  per 
cent  less  for  each  degree  that  such  average  normal  temperature  is  in 
excess  of  40  deg.     Likewise  in  any  locality  having  a  lower  average  nor- 
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l-^  mal  temperature  than  40  deg.,  the  allowance  of  coal  may  be  increased  3 
per  cent  for  each  degree  that  such  average  normal  temperature  is  less 
than  40  deg. 

RULE  4.  Rule  2  contemplates  only  a  reasonable  allowance  of  rooms  in 
general  family  use,  including  living  rooms,  libraries,  dining  rooms,  kitch- 
ens without  coal  ranges,  necessary  sleeping  rooms,  baths  and  pantries; 
pantries  or  bathrooms  are  to  be  considered  as  one-half  rooms  each.  In 
houses  with  three  or  four  sides  exposed,  an  allowance  of  one  room  shall 
be  made  for  general  halls  and  stairways. 

RULE  5.  Wherever  occupants  include  children  under  5  years,  adults  over 
60  years  of  age,  or  invalids,  the  allowance  of  coal  per  room  for  heating 
may  be  increased  10  per  cent. 

RULE  6.  For  cooking  and  hot  water  service,  the  allowance  per  month  is 
dependent  upon  the  number  in  the  family,  including  boarders  and  servants. 
and  shall  be  in  accordance  with  the  following  table: 

Maximum    Coal 

Maximum    Coal  Maximum    Coal  Allowance  for  Hot 

Allowance    for  Allowance     for  Water     .Service 

Cooking    and    Hot  Cooking    only,  only,     when    Same 

.^                                             Water    Service,  when    Range    is  is    supplied    by 

dumber     of     Per-        where     Range     has  not   equipped    with  Separate    Appa- 

sons     Served               Water     Back.    lb.  Water    Back,   lb.  ratus,    lb. 

3  7.S0  600  500 

4  R'^n  6.S0  550 

5  950  700  600 

6  1050  750  650 

7  1150  800  700 
R  1250  850  750 
9  1.350  900  800 

10  1450  950  850 

Note:  a.  For  special  conditions  outside  of  user's  control  an  extra  allowance  may  be 
made  up  to   10  per  cent  of  the  above  figures. 

b.     For   double   oven    ranges  extra   allowance   muy   Ijc   made   to   meet  conditions,   up 
to  .30  per  cent,  of  the  above  figures. 

RULE  7.  The  allowance  for  cooking  and  hot  water  service  shall  be  pro- 
vided only  for  the  number  of  months  during  the  year  in  which  the  family 
occupy  the  premises. 

RULE  8.  Regardless  of  other  rules,  the  amount  allowed  for  heating  or 
cooking,  or  hot  water  service,  shall  not  in  any  case  be  greater  than  the 
amount  used  for  the  year  ending  April  1,  1918,  unless  some  valid  reason 
is  given  which  is  satisfactory  to  the  local  Fuel  Administrator. 

RULE  9.  These  rules  are  based  upon  the  use  of  Stove  Size  in  Anthracite, 
or  Run  of  Mine  in  Bituminous,  for  heating,  and  Nut  Size  or  Run  of 
Mine  for  cooking  and  hot  water  service.  The  allowance  for  other  sizes 
shall  be  an  amount  equal  to  the  same  total  money  value. 

RULE  10.  No  allowance  shall  be  made  for  the  heating  of  garages  or  other 
outbuildings,  excepting  where  absolutely  necessary  for  the  protection  of 
food  products  or  livestock. 

RULE  11.  It  is  contemplated  by  these  rules  that  the  coal  used  according 
to  these  rules  will  have  a  thermal  value  of  12,500  B.t.u.  per  pound. 
Adjustments  may  be  made  where  coal  has  a  lower  thermal  value. 

LETTER  ACCOMPANYING  REPORT 

To  THE  Bureau  of  Mines: 

The  Committee  appointed  in  accordance  with  your  letter  of  January  30th, 
addressed  to  The  American  Society  of  Heating  and  Ventilating  Engi- 
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NEERs,  has  the  honor  to  submit  the  attached  set  of  rules  to  cover  the  limita- 
tions. 

We  wish  to  inform  you  that  the  Committee  appreciates  the  great  varia- 
tion in  the  heating  requirements  for  domestic  buildings,  such  as  the  size  and 
exposure  of  rooms,  construction  and  location  of  buildings,  method  of  heat- 
ing and  condition  of  the  heating  equipment,  climatic  condition  of  the  location, 
quality  of  coal,  efficiency  of  firing,  together  with  the  further  complications 
of  the  extra  fuel  required  for  cooking  and  hot  water  service. 

We  realize  that  the  rules  presented  are  open  to  criticism  in  that  they 
are  not  based  on  scientific  calculations,  taking  into  account  all  of  these 
variable  factors,  but  the  immense  amount  of  technical  as  well  as  clerical 
work  that  would  be  required  for  the  application  of  any  very  scientific  cal- 
culations, seemed  to  us  to  exclude  a  more  complicated  scheme. 

All  things  considered,  we  are  inclined  to  believe  that  it  will  be  found  that 
a  simple  set  of  rules  similar  to  those  suggested  will  come  nearer  filling  the 
conditions  than  any  others  that  we  could  provide. 

It  is  probable  that  the  rules  may  work  greater  hardships  on  large  detached 
residences  having  a  large  number  of  living  rooms,  libraries,  parlors,  etc., 
with  but  comparatively  small  number  of  sleeping  rooms  occupied,  than  upon 
any  other  class  of  buildings.  We  are  also  inclined  to  believe  that  there  is 
a  greater  opportunity  for  saving  coal  in  this  than  in  any  other  class  of 
domestic  buildings.  We  do  not  recommend,  therefore,  that  any  special 
rule  be  made  to  cover  these  cases. 

We  have  compared  amounts  of  coal  allowed  under  these  rules  with  the 
actual  amount  burned  in  several  hundred  dwellings  of  all  classes  in  almost 
every  state  of  the  Union.  It  is  quite  evident  from  our  comparison  that  the 
personal  factor  of  the  operator  of  the  heating  system  has  a  greater  bearing 
than  any  other  single  factor ;  also  the  mental  attitude  of  the  occupants  and 
their  desire  to  maintain  reasonably  low  temperatures  and  the  closing  up  of 
rooms  not  necessary  to  be  heated,  has  a  greater  effect  upon  the  amount  of 
fuel  used  than  does  the  climate,  The  amount  of  coal  allowed  in  the  rules 
for  many  apartment  houses,  flats  and  other  buildings  for  heating  of  water 
is  considerably  less  than  that  normally  used,  but  it  seems  that  this  saving 
may  be  effected  without  undue  hardship. 

Your  particular  attention  is  called  to  the  desirability  of  a  set  of  rules 
for  the  operation  of  domestic  heating  apparatus,  and  we  suggest  that  some 
national  organization  be  enlisted  to  see  that  proper  operating  methods  are 
carried  out.  It  would  seem  to  us  that  such  an  organization  as  our  newly 
formed  National  Guard  or  Home  Defense  League,  working  in  cooperation 
with  heating  manufacturers,  heating  engineers  and  heating  trade,  could  be 
used  for  this  work,  as  we  believe  that  they  could  do  no  more  patriotic  serv- 
ice than  the  inspection  of  domestic  buildings  of  all  kinds  to  see  that  the 
heating  apparatus  and  its  operation  conform  to  the  rules  suggested.  They 
could  make  reports  to  the  local  Fuel  Commissioner  who  could  bring  pres- 
sure to  bear  upon  the  consumer  to  operate  his  plant  with  the  greatest 
efficiency. 

Respectfully  submitted, 

J.  I.  Lyle,  Chairman. 
Frank  T.  Chapman, 
Geo.  W.  Martin, 
Perry   West. 
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DISCUSSION 

H.  G.  Issertell:     I  move  that  the  report  of  the  Committee  be 
accepted  and  that  the  Committee  be  continued  in  service. 
The  motion  was  seconded  and  carried. 

Jas.  H.  Davis:  In  England,  one  of  our  plant  managers  at  Hull, 
who  has  a  13-room  house,  was  compelled  to  board  up  all  of  his  rooms 
except  three,  and  he  lived  in  three  rooms,  because  he  could  not  get 
coal   to   supply   morj   than   those   three   rooms. 

Frank  K.  Chew:  I  have  learned  that  in  some  instances  the  re- 
ports came  in  to  the  Committee  that  there  was  burned  as  much  as 
four  tons  of  coal  per  room,  which  goes  to  show  that  in  some  sections 
of  the  country  the  consumption  of  coal  is  absolutely  wild  to  anyone 
who  lives  in  the  north  and  tries  to  be  a  little  careful  about  it. 

J.  I.  Lyle  :  We  find  from  the  Committee's  reports  that  more  coal 
was  burned  in  San  Antonio,  Texas,  than  in  any  other  city  in  the 
United  States.  I  think  it  is  safe  to  say  from  the  many  reports  we 
have  received  that  in  San  Antonio,  Texas,  they  burn  considerably 
over  2  tons  per  room  per  year.  When  we  get  up  to  Sioux  City,  North 
Dakota,  we  get  down  to  0.79  ton,  and  here  in  Buffalo  on  one  occasion 
0.61  ton.  These  figures  have  all  been  corrected  back  to  40  deg.  for 
variations  in  temperature.  We  have  from  0.61  ton,  that  is  the 
smallest  consumption  (for  Buffalo),  and  0.79  ton  for  Sioux  City, 
up  to  -1.88  tons  in  San  Antonio,  Texas.  Those  houses  were  single 
frame  lesidences,  and  as  far  as  the  questionnaire  would  reveal,  are 
of  the  same  class. 

J.  D.  Hoffman  :  Part  of  that  will  be  explained  by  the  type  of 
house  construction  found  in  the  southern  states.  They  build 
their  homes  tight  enough  so  you  can't  see  through,  but  that  is 
all.  Persons  living  in  houses  like  that  during  cold  weather  will 
freeze  if  they  do  not  have  lots  of  coal;  while  here,  we  build  our 
houses  supposedly  to  keep  respectably  warm  in  winter  time,  and 
should  use  much  less  coal  during  a  severe  winter  like  that  just 
passed.  This  is  along  the  line  of  the  paper  which  I  am  presenting  at 
this  meeting,  and  I  hope  you  will  consider  it  very  seriously.  There 
should  be  some  definite  information  circulated  about  the  country 
looking  toward  better  wall  construction  in  our  residences.  I  think 
this  is  one  of  the  biggest  problems  we  have  to  deal  with  now. 

F.  A.  De  Boos :  I  would  like  to  supplement  Prof.  Hoffman's 
statement,  because  I  have  been  over  a  good  deal  of  the  South.  In 
the  houses  down  there,  it  is  somewhat  unusual  to  find  one  with  a 
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basement,  and  they  have  exposures  on  all  four  sides,  and  top  and 
bottom.  In  general  the  heating  plants  are  totally  inadequate,  and 
when  extreme  cold  weather  comes,  it  is  necessary  to  force  theni 
Even  in  mild  weather  when  the  nights  are  fairly  cold,  it  gets  hot 
during  the  day,  and  they  start  and  stop  fires,  which  is  very  wasteful 
of  fuel. 

Very  few^  houses  have  storm  doors  and  windows.  The  further 
south  one  goes  the  less  they  are  found  to  be  used.  It  would  seem 
that  in  this  report  or  in  any  recommendations  that  are  to  be  made, 
the  construction  of  the  house  ought  to  be  mentioned. 

P.  J.  Dougherty:  Along  those  lines  I  think  the  Committee  ought 
to  incorporate  in  that  report  something  having  educational  value.  It 
is  all  right  to  talk  about  fuel  conservation,  but  it  is  pretty  hard  to 
conserve  anything  unless  you  know  how  to  use  it  to  the  best  advan- 
tage. As  an  example,  why  is  it,  as  the  Committee  reports,  that  a 
higher  rate  of  fuel  consumption  is  reported  from  a  warm  state  like 
Texas  than  from  a  cold  climate  like  New  England  ? 

In  my  opinion  faulty  building  construction  and  faulty  draft  con- 
ditions will  account  for  this  seemingly  absurd  condition.  Keeping  a 
building  full  of  heat,  as  it  were,  up  to  68  tO'70  deg.  is  much  similar 
;o  keeping  a  leaky  vessel  full  of  water.  The  faster  the  water  runs 
out  through  the  holes  in  the  vessel  the  more  must  be  put  in  in  order  to 
keep  it  full.  The  greater  the  heat  loss  through  the  walls  and  crevices 
the  greater  the  amount  of  heat  required  to  maintain  70  deg. 

In  the  northern  cold  climate,  as  a  rule,  much  more  attention  is 
given  to  making  the  houses  warm  than  there  is  given  in  the  southern 
and  warm  climates.  A  frame  construction  in  the  South  consisting 
of  clapboard,  studding  and  plaster  will  transmit  practically  twice  as 
much  heat  per  hour  per  degree  difference  in  temperature  as  a  frame 
house  in  the  North  consisting  of  clapboard,  paper,  sheathing,  stud- 
ding and  plaster. 

Not  only  the  heat  loss  factor  through  the  w^alls  is  increased  but 
the  air  change  factor  is  increased  many  times  because  of  the  absence 
of  building  paper  and  sheet  metal  weather  strips  on  doors  and 
windows. 

Take  an  average  10-room  house,  not  equipped  with  metal  weather 
strips,  and  figuring  the  standard  clearance  or  leakage  around  the 
windows  as  1/16  in.,  the  total  area  of  such  openings  is  about  equal 
to  that  of  a  24  in.  pipe. 

While  the  average  difference  in  temperature  between  the  outside 
and  inside  is  twice  as  great  in  New^  England  as  in  Texas,  this  ad- 
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vantage  evidently  is  more  than  offset  by  the  excessive  heat  loss  due 
to  faulty  building  construction.  Hence,  to  conserve  heat  under  such 
conditions,  you  must  first  reduce  the  excessive  heat  loss  through  the 
walls  and  through  leaky  doors  and  windows. 

Even  few  heating  engineers  fully  realize  the  importance  of  a  good 
draft  as  a  factor  in  fuel  economy.  A  strong  draft  is  the  cornerstone 
of  a  heating  plant,  the  same  as  it  is  of  a  power  plant.  Because  of 
building  construction  and  atmospheric  conditions,  the  second  source 
of  excessive  heat  loss  in  Texas  is  up  the  chimney,  mostly  in  the 
form  of  unconsumed  gases.  This  is  also  a  source  of  considerable 
loss  in  the  North,  also  due  to  leaky  chimneys. 

A  leaky  chimney  will  ruin  an  otherwise  good  draft  as  quickly  as 
leaky  joints  will  ruin  the  vacuum  in  a  vacuum  line.  Draft,  like 
vacuum,  is  merely  a  matter  of  pressure.  If  a  client  complains  about 
high  coal  bills  or  unsatisfactory  heat,  how  many  heating  engineers 
and  heating  contractors  make  a  practice  of  testing  the  draft  with  a 
sensitive  draft  gauge  of  the  Ellison  type?  You  cannot  tell  what 
draft  you  have,  nor  can  you  regulate  the  draft  intelligently  without  a 
draft  gauge,  any  more  than  you  can  regulate  the  pressure  without 
a  pressure  gauge. 

Since  the  intensity  of  draft  primarily  depends  upon  a  tight  chim- 
ney, why  don't  the  heating  societies  see  to  it  that  a  smoke  test  is 
incorporated  in  city  building  ordinances,  similar  to  the  smoke  and 
peppermint  tests  every  plumbing  line  must  be  subjected  to  before  it 
is  accepted.  If  the  flue  tiles  had  bells  on  like  sewer  and  plumbing 
pipes,  it  would  be  a  simple  matter  to  make  chimneys  tight  and  thus 
show  a  large  saving  in  fuel  in  the  average  home. 

Depending  on  the  height  of  the  chimney,  an  average  stack  tem- 
perature of  300  to  500  deg.  is  required  to  produce  sufficient  draft  to 
burn  the  fuel  properly.  To  maintain  an  average  temperature  of 
500  deg.  in  a  low  leaky  chimney,  the  gases  must  leave  the  boiler  as 
high  as  800  deg.  in  many  cases. 

Many  people  judge  the  efficiency  of  a  boiler  by  the  temperature  of 
the  smoke  pipe.  A  low  smoke  pipe  temperature  in  conjunction  with 
a  low  combustion  temperature  in  the  firebox  invariably  indicates  a 
less  efficient  heater  than  a  high  stack  temperature  accompanied 
by  a  high  firebox  temperature,  because  of  poorer  combustion  con- 
ditions. To  a  combustion  engineer  the  firebox  temperature  is  of  far 
greater  value  than  the  stack  temperature,  which  of  itself  indicates 
little  or  nothing  of  definite  value,  unless  accompanied  by  the  flue 
gas  analysis. 
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The  Bureau  of  Mines  has  shown  that  only  about  one-half  the 
heat  is  generated  in  the  fuel  bed,  the  other  half  above  it,  if  the  com- 
bustion conditions  are  right,  which  is  a  physical  impossibility  without 
ample  draft.  In  my  opinion  far  more  fuel  energy  escapes  up  the 
average  chimney  in  the  form  of  unconsumed  gases  than  in  the  form 
of  excessive  stack  temperature. 

A  low  stack  temperature  may  be  due  to  excessive  air.  A  low 
stack  temperature  of  300  deg.  with  a  flue  gas  analysis  of  only  5 
per  cent  CO2  indicates  a  greater  loss  of  sensible  heat  up  the  stack 
than  a  stack  temperature  of  800  deg.  and  14  per  cent  COj,  for  the 
same  reason  that  a  pint  of  water  at  180  deg.  contains  less  heat  than 
a  gallon  of  water  at  55  deg. 

I  would  suggest  that  the  Committee's  Report  contain  and  empha- 
size the  importance  of  good  draft  and  proper  building  construction 
in  a  campaign  to  economize  fuel. 

Building  and  chimney  construction  could  be  materially  improved 
through  Building  Ordinances  and  the  Fire  Insurance  Underwriters 
by  requiring  bells  on  flue  linings  to  prevent  leaky  flues,  a  frequent 
source  of  fires.  And  also  the  Ordinances  might  demand  a  minimum 
thickness  of  8  in.  for  chimney  walls  instead  of  only  4  in.  as  is 
usually  the  case. 

J.  I.  Lyle  :  If  the  Fuel  Administrator  sees  fit  to  put  any  regula- 
tions at  all  into  use  it  will  be  because  there  is  not  sufficient  coal 
to  go  around.  If  there  were  plenty  of  coal  there  would  not  be  any 
regulation.  If  we  make  allowances  for  the  man  who  has  a  poor 
house,  or  for  the  man  who  has  a  poor  heating  system,  or  for  a  man 
who  runs  his  heating  system  in  a  very  poor  manner,  we  will  never 
have  coal  enough  to  go  around.  Also  the  very  large  residences,  which 
have  immense  rooms,  cannot  be  heated  with  1-1/3  tons  and  we  know 
it.  But  we  expect  a  man  to  be  patriotic  enough  to  put  up  curtains, 
portieres,  etc.,  if  his  house  is  all  built  open,  and  cut  it  off  into  one 
room.  We  have  considered  things  of  that  kind,  and  it  does  seem 
wise  to  try  to  take  account  of  the  rooms. 

In  regard  to  Mr.  Dougherty's  statement,  request  came  to  us  to 
formulate  rules  for  the  distribution  of  domestic  coal,  but  not  for  the 
operation  of  buildings  and  plants,  etc.  We  have  had  a  set  of  sug- 
gestions and  it  is  our  intention  to  suggest  to  the  Fuel  Administrator 
that  in  case  he  uses  these  rules  that  we  have  formulated  at  all,  that 
he  accompany  them  with  certain  regulations  about  the  operation ; 
for  instance,  keeping  gas  passages  clean.  There  are  lots  of  other 
things  that  we  know  of,  some  of  which  are  mentioned,  but  are  not 
part  of  our  report,  as  it  was  not  what  we  were  requested  to  do.    I 
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think  it  would  be  well  for  the  Administrator  to  send  out  such  regu- 
lations in  case  he  does  promulgate  the  rules. 

R.  Collamore:  As  the  proportioning  of  the  coal  is  based  on 
anthracite,  I  would  suggest  that  the  Committee  recommend  to  the 
Bureau  of  Mines  that  where  bituminous  coal  is  burned  in  localities 
where  smoke  ordinances  exist,  the  owners  shall  be  automatically  ex- 
empted from  violation  of  the  smoke  ordinance.  I  think  that  a 
great  many  people  who  have  been  accustomed  to  burning  anthracite 
coal  will  this  coming  winter  be  burning  bituminous  coal,  and  they 
ought  to  be  relieved  from  any  penalty  that  might  attach  to  a  viola- 
tion of  a  smoke  ordinance. 

H.  G.  IssERTELL  I  I  havc  discovered  that  the  Fuel  Administrators 
have  autocratic  power,  and  they  have  eliminated  the  carrying  out 
of  ordinances  about  smoke. 

Charles  A.  Booth  :  In  regard  to  the  ordinances  and  the  auto- 
cratic power  of  the  Fuel  Administrator,  I  think  the  reference  was  to 
local  building  ordinances.  In  regard  to  responsibility,  in  the  same 
block  with  my  house,  there  is  a  frame  house,  certainly  no  larger  and 
])erhaps  smaller  than  mine,  where  the  local  man  of  all  work 
comes  in  at  morning  and  night  and  looks  after  the  heating  plant, 
and  that  house  used  two  and  a  half  times  as  much  coal  last  winter 
as  I  did,  where  I  operate  my  own  heating  plant. 

Thomas  Chester:  It  seems  to  me  Mr.  Dougherty  is  on  the 
right  track  in  limiting  the  amount  of  coal  available.  These  other 
questions  arc  merely  suggestions.  If  a  man  is  cold  in  his  house, 
he  looks  around  to  find  some  way  to  keep  himself  warm,  and  if 
supplied  with  suitable  suggestions  as  to  the  best  methods  of  firing 
his  furnace  and  schemes  for  making  best  use  of  the  heat,  he  would 
be  willing  to  try  them  out. 

Perry  West  :  I  should  like  to  add  a  word  in  regard  to  the  ques- 
tion of  the  inferior  construction  of  buildings  that  Prof.  Hoffman 
has  brought  up,  and  especially  with  reference  to  the  buildings  of  the 
South.  Now  in  formulating  the  rule  you  will  notice  that  we  have 
based  the  reduction  of  coal  on  3  per  cent  per  degree  difference. 
That  does  not  exactly  run  a  man  out  of  coal  at  70  deg;  it  is  a  little 
on  the  other  side.  It  gives  him  a  little  more  coal  than  the  tem- 
perature reduction  warrants.  The  question  in  our  minds  is,  how 
far  should  we  go  towards  giving  these  people  more  coal  without 
giving  them  an  incentive  to  run  their  plants  better  and  to  perhaps 
stop  up  more  cracks,   etc.,  in  their  houses.     In  other  words,  this 
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thing  is  an  educational  and  a  continuous  process.  So  we 
want  to  make  these  people  reach  out  a  little.  And  I  should  like 
to  know  if  some  members  would  be  good  enough  to  say  how  far  they 
think  we  should  go  in  meeting  those  unusual  conditions  and  how 
far  we  should  go  in  making  them  reach  for  a  standard  condition. 

All  these  reports  that  we  have  had  returned  show  one  thing  to  my 
mind :  that  is,  that  the  greatest  variable  factor  in  the  whole  thing  is 
the  personal  equation.  It  is  how  the  owner,  or  whomever  the  owner 
has  acting  in  his  stead,  runs  his  plant.  It  does  not  seem  to  make  any 
difference  whether  the  house  was  in  San  Antonio,  Texas,  down  in 
South  Carolina,  or  up  in  Maine  or  in  Dakota,  or  whether  it  was  a 
frame  house  or  a  brick  house,  whether  they  had  invalids  or  children 
or  not,  whether  there  were  ten  people  in  the  house  or  only  five ;  in 
other  words,  whether  it  was  a  large  house  or  whether  it  was  a  small 
house,  as  to  the  amount  of  coal  they  use  per  room  heated ;  because 
we  find  all  different  kinds  of  houses  in  all  different  kinds  of  locations 
and  houses  down  south  using  four  or  five  times  as  much  coal  as 
houses  of  exactly  the  same  character  up  north ;  and  no  difference 
except  that  question  of  the  personal  equation.  The  thing  we  have 
to  work  on,  it  seems  to  me,  is  the  correction  of  that  fault,  that 
personal  fault,  by  a  process  of  education  ahd  restricting  the  coal 
supply. 

W.  S.  TiMMis:  I  think  we  should  endorse  in  general  the  attitude 
of  the  Committee- on  this  democratic  distribution  of  coal.  The  Com- 
mittee's report  so  far  indicates  that  it  has  considered  the  distribu- 
tion of  coal  from  the  standpoint  of  the  burning  of  the  fuel,  with  such 
minor  limitations  as  are  necessary  owing  to  the  number  of  rooms 
which  a  family  occupies,  together  with  the  number  of  people  who 
are  occupying  those  rooms,  and  with  modifications  for  children  and 
elderly  persons. 

I  would  like  to  move,  therefore,  that  in  general  the  system 
proposed  by  the  Committee  of  apportioning  coal  and  the  suggestions 
of  the  Committee  be  approved  by  the  Society. 

The  motion  was  seconded  by  H.  G.  Issertell. 

The  President  :  Gentlemen,  it  is  moved  and  seconded  that  the 
system  in  general  recommended  by  the  Committee  be  approved  by 
this  Society.     Are  there  any  remarks? 

James  H.  Davis  :     I  understand  this  report  is  not  final. 

The  President:  No,  but  as  a  vote  it  is  the  sense  of  this  body 
that  we  agree  to  the  report  that  this  Committee  has  made  in  general. 


282  Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 

J.  I.  Lyle  :  We  have  received  a  number  of  suggestions  from 
different  men  as  to  how  these  rules  should  be  formulated,  and  a 
good  many  of  these  seem  to  think  that  the  rules  should  be  very 
scientific,  should  go  into  heat  losses  of  the  building  and  take  into 
account  a  number  of  factors  like  the  number  of  heating  hours  dur- 
ing the  year  and  various  things  of  that  kind.  But  we  felt  that  all 
such  things  had  to  be  eliminated ;  the  immense  amount  of  clerical 
work  it  would  take  to  carry  out  a  scheme  of  that  kind  would 
be  beyond  the  power  of  the  Fuel  Administrator.  If  any  of  you 
had  visited  the  Fuel  Administrator's  office  last  winter  and  had  seeri 
the  immense  amount  of  work  they  had  to  do  just  to  apportion  out 
the  coal  we  then  had,  you  would  have  realized  it  was  enormous. 
And  if  it  had  not  been  for  a  lot  of  patriotic  people  who  gave  their 
time  up  to  it,  a  lot  of  the  cities  would  have  suffered  a  good  deal 
more  than  they  did.  Thus  it  seemed  to  us  that  any  very  scientific 
or  complicated  regulations  should  be  eliminated.  In  fact,  the  rules 
are  now  very  much  longer  and  more  involved  than  we  would  like 
to  have  them. 

The  President  :  This  is  a  very  important  matter  and  I  think  the 
Fuel  Administration  will  have  to  meet  the  existing  crisis  which  will 
prevent  us  carrying  out  the  plans  of  government  building  or  any- 
thing of  that  kind.  But  I  do  think  that  all  of  these  recommenda- 
tions will  be  of  immense  value  and  will  probably  be  a  guide  to  the 
people  of  the  future  after  this  war  is  over. 

(The  President  then  called  for  a  vote  on  the  motion  offered  by 
Mr.  Timmis  relative  to  approval  of  the  system  proposed  in  the 
Report  of  the  Committee  and  the  motion  was  carried.) 

R.  Collamore:  I  move  that  we  extend  a  vote  of  thanks  to  this 
Committee  for  the  work  that  has  been  done^  to  show  our  appreci- 
ation of  it. 

(The  motion  was  seconded  and  carried.) 

M.  WiLLLiAM  Ehrlich  (written)  :  I  pointed  out  at  the  Annual 
Meeting,  January  1918,  that  I  have  given  considerable  study  to  the 
subject  of  fuel  consumption.  My  aim  has  been  to  predetermine  the 
coal  requirements  for  any  class  of  building  so  that  economy  in  the 
operation  of  the  heating  system  may  be  secured.  Mention  of  the 
results  of  my  study  has  been  made  in  the  April  issue,  page  513  of 
the  Journal.  This  work  is  perhaps  too  technical  for  the  present  re- 
quirements of  the  Committee.  I  have  therefore  reverted  to  my 
original  data  as  a  basis  to  formulate  Fig.  1  here  presented.  This 
chart  gives  the  coal  requirements   for  house  heating  systems  op- 
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crating  in  localities  having  weather  conditions  approximately  similar 
to  those  prevailing  in  New  York  City.  Homes  heated  by  steam 
or  hot  water  or  the  warm  air  furnace  are  placed  in  the  same  class. 
Only  the  number  of  rooms  is  considered,  while  the  homes  are 
grouped  into  three  classes. 

To  determine  the  tons  of  coal  a  house  heater  should  consume  so 
that  the  home  may  be  properly  heated  during  the  heating  season  and 

basin?  the  decision  on  such  meagre  information  as  the  number  of 
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FIG.     1.     DIAGRAM    FOR    DETERMIXATIOX     OF    COAL    CONSUMPTION     FOR 
PROPER    HEATING    OF    HOMES    DURING    THE    HEATING    SEASON. 


rooms  only,  and  the  character  of  the  house,  I  should   follow  this 
course : — 

The  ordinary  suburban  or  so-called  country  style  home  I  would 
consider  as  Class  1  and  homes  built  in  blocks  or  of  the  semi- 
detached type  I  would  place  in  Class  2.  I  would  not  place  an 
entire  house  in  Class  3,  except  perhaps  in  special  cases.  Class 
3  would  be  given  to  such  rooms  of  a  very  much  exposed  house  as 
are  most  severely  attacked  by  the  elements ;  the  remaining  parts  of 
such  house  would  be  placed  in  Class  2.  This  classification  refers 
to  the  curves  in  the  diagram  (Fig.  1).     To  illustrate: — 
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Assume  a  ten-room  house  that  has  three  "cold"  rooms  and  seven 
average  rooms.  According  to  the  chart,  seven  rooms  in  Class  1, 
need  7.7  tons  of  coal  and  three  rooms  in  Class  3,  require  4.5  tons 
or  a  total  of  12.2  tons  of  coal  for  a  ten-room  house  to  heat  it  com- 
fortably during  the  season. 

On  the  same  basis  the  chart  would  provide  8  tons  of  coal  for  a 
ten-room  house  built-in  in  a  block,  or  having  two  sides  exposed. 

This  is  my  suggestion  for  a  solution  of  the  problem  on  a  broad 
general  basis.  Care  must  be  exercised  in  cla"Ssifying  the  house  under 
consideration. 


No.  488 

THE  ELECTRIC  METHOD  OF  TESTING 
RADIATORS 

By  J.  E.  Emswii.er,  Ann  Arbor,  Mich. 
Member 

r~m  >HE  electric  method  of  testing  radiators,  as  developed  at  the 
I        University    of    Michigan,    consists    of    the    generation    of 

-^  the  steam  used  by  the  radiator,  by  means  of  an  electric 
heater,  and  the  determination  of  the  heat  required  for  this  by  meas- 
urement of  the  electric  energy  consumed  in  the  heater. 

A  complete  single  pipe  heating  plant  is  installed  in  the  testing 
room.  This  comprises  the  heat  distributor,  which  is  the  radiator, 
and  the  steam  generator,  which  is  the  boiler.  Tjie  source  of  heat  for 
the  boiler  is  an  electric  current  operating  through  a  resistance 
immersed  in  the  w^ater.  Of  the  entire  quantity  of  heat  supplied,  the 
radiator  receives  by  far  the  greater  fraction.  What  the  radiator 
does  not  receive  is  lost  to  the  air  of  the  room  by  direct  action  from 
the  boiler.  This  direct  loss  from  the  boiler  is  relatively  small, 
since  the  boiler  is  thoroughly  insulated  and  it  can  be  easily  and 
accurately  determined  by  calibration.  The  boiler  loss  deducted  from 
the  total  input  measures  the  performance  of  the  radiator. 

THE    ELECTRIC    BOILER 

Fig.  1  shows  the  construction  of  the  electric  boiler.  The  main 
element  consists  of  a  piece  of  4-in.  pipe,  with  a  4  x  4  x  I//2  in. 
tee  screwed  on  each  end,  and  eccentric  bushings,  with  2-in.  openings, 
screwed  in  the  ends  of  the  tees.  The  heater  is  of  the  Westinghouse 
bayonet  type  and  is  provided  with  2-in.  pipe  threads,  screwing  into 
one  of  the  bushings.  The  blades  of  the  heater  are  30  in.  long  and 
project  through  the  4-in.  pipe,  nearly  to  the  bushing  in  the  other  tee. 
The  particular  heater  used  is  of  10, .500  watt  maximum  capacity 
and  has  six  blades.  The  2-in.  opening  in  the  other  bushing  is  re- 
duced to  receive  the   water  glass  connection.     The  water  level  is 
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carried  about  as  shown  in  Fig.  1.  .What  level  is  carried  is  imma- 
terial except  that  it  must  not  be  so  low  as  to  expose  the  blades  of 
the  heater,  nor  so  high  as  to  cause  excessive  priming. 

The  boiler  is  completed  by  the  addition  of  a  steam  header  con- 
sisting of  the  iy2-'m.  pipe  as  shown,  connected  to  the  main  shell  by 
the  1^-in.  crosses  and  nipples.  Provision  is  made  for  the  upper 
water  glass  connection,  a  place  to  pour  in  water  when  required,  a 
thermometer  cup,  and  a  gage  connection,  as  shown  in  the  illustra- 
tion. The  connection  to  the  radiator  is  indicated  on  the  extreme 
right  of  the  figure. 


FIG.   2.     VIEW   OF  ELECTRIC   BOILER   CUNXECTED   TO   RADIATOR. 


The  valve  is,  of  course,  open  while  the  radiator  is  in  operation. 
At  the  end  of  a  test,  the  valve  may  be  closed  and  the  calibration  of 
the  boiler  commenced  at  once,  while  the  room  temperature  is  the 
same  as  that  which  prevailed  during  the  test.  The  boiler  will  dissi- 
pate about  75  to  80  B.t.u.  per  hour,  which  is  approximately  8  per 
cent  of  the  entire  energy  input. 

To  remove  a  radiator  from  the  stand,  it  is  only  necessary  to  dis- 
connect at  the  union,  and  the  placing  of  another  radiator  for  test  is 
equally  simple. 

In  Fig.  2  is  shown  a  photograph  of  a  radiator  connected  to  the 
electric  boiler,  ready  for  test.  It  will  be  noted  that  the  radiator  must 
be  blocked  up  a  few  inches  above  the  floor,  in  order  to  make  connec- 
tion with  the  boiler.  It  would  be  entirely  feasible  to  place  the  boiler 
beneath  the  floor,  with  the  single  pipe  passing  up  through,  in  which 
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case  the  radiator  could  sit  directly  on  the  floor  in  its  normal  position. 
The  former  method  was  chosen  in  order  that  the  radiator  could  be 
moved  from  place  to  place  within  the  room,  or  even  outside  the 
room.  It  is  obvious  that  this  can  easily  be  done  without  even  stop- 
ping the  operation  of  the  apparatus,  since  the  plant  is  wholly  self- 
contained,  being  connected  to  no  fixed  point  except  through  the 
flexible  electric  cables. 

APPARATUS    FOR    CONTROL   AND    MEASUREMENT 

In  its  simplest  conception,  the  only  accessory  apparatus  necessary 
is  a  rheostat  for  controlling  the  amount  of  electrical  energy  dissi- 
pated in  the  heater ;  a  gage  for  indicating  the  steam  pressure,  and 
a  wattmeter  for  measuring  the  electric  current.  This  was,  in  fact, 
the  arrangement  used  in  conducting  a  number  of  tests  last  year.  The 
steam  pressure  was  maintained  near  a  predetermined  point  by 
manual  control  of  a  rheostat.  The  input  was  measured  by  a  watt- 
hour  meter,  with  connections  for  the  introduction  of  test  instru- 
ments whereby  the  watt-hour  meter  could  be  checked  frequently. 

The  system  offers,  however,  excellent  opportunity  for  the  intro- 
duction of  automatic  control  and  measurement  features ;  and  a 
satisfactory  pressure  regulator  and  refined  means  of  measurement 
have  been  developed.  In  Fig.  3  the  regulating  apparatus  is  shown 
connected  into  the  tee  of  the  l^^-in.  pipe  P  connecting  boiler  and 
radiator  by  the  ■)^-in.  pipe  A,  which  extends  into  the  seal  B.  The 
bottom  of  the  seal  B  is  connected  to  the  bottom  of  another  seal  C. 
A  5^-in.  pipe  connects  the  top  of  the  seal  C  with  a  reservoir  B; 
F  and  G  are  fiber  bushings;  /  is  a  3^ -in.  iron  nijiple ;  K  is  a  rubber 
tube  connecting  to  the  bottom  of  the  cup  L.  The  cup  L,  the  rub- 
ber tube  K,  the  nipple  /,  and  the  fiber  bushing  G,  constitute  a 
mercury  manometer.  A  difference  in  head  between  the  mercury 
levels  is  indicated  in  the  figure  by  H.  Electric  wires,  M  and  N,  are 
connected  to  the  reducer  R,  and  nipple  /.  The  wires  are  connected 
to  the  University  220-volt  circuit  through  the  solenoid  of  a  Cutler- 
Plammer  magnetically-operated  switch,  which  makes  and  breaks  the 
circuit  of  the  electric  heater  in  the  boiler. 

If,  at  a  given  instant,  the  level  of  the  mercury  is  below  the  top  of 
the  fiber  bushing  G,  the  circuit  through  the  solenoid  is  incomplete,  the 
switch  is  open,  there  is  no  current  through  the  heater,  the  steam 
pressure  is  falling,  and  the  level  of  the  mercury  in  G  is  rising.  As 
soon  as  the  level  rises  to  the  top  of  the  fiber  bushing,  the  mercury 
makes  contact  with  the  iron   reducer  R,  the  circuit  is   completed 
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through  M  and  N,  the  solenoid  is  energized,  the  main  switch  is 
thrown  in,  and  current  passes  through  the  heater  in  the  boiler.  The 
heater,  having  an  excess  capacity  over  the  radiator,  immediately 
raises  the  pressure,  depresses  the  mercury  level  into  the  insulating 
bushing  G,  and  so  breaks  contact  and  cuts  out  the  heater.  The  input 
is  therefore  intermittent.  The  steam  pressure  is  maintained  within 
0.2  in.  of  any  desired  value. 


FIG.  3.     AUTOMATIC   PRESSURE   REGULATOR. 


One  level  of  mercury  in  the  manometer  is  always  maintained  at  or 
near  the  contacting  point  at  the  top  of  the  insulating  bushing  G. 
The  other  level  can  be  set  at  any  point  to  maintain  a  desired  pressure 
by  adjusting  the  position  of  the  slider  S,  to  which  the  cup  L  is 
clamped,  on  the  upright  board  V,  by  means  of  the  thumbscrew  T 
in  the  slot  U.  The  cup  L  is  relatively  large  in  section,  so  that  most 
of  the  fluctuation  in  level  occurs  in  G. 

The  reservoir  E,  and  also  the  upper  part  of  C,  are  filled  with  oil. 
to  reduce  burning  at  the  contact.  The  enlargement  of  passage  at  E 
serves  as  a  stopping  place  for  the  mercury  in  case  of  neglect  to  vent 
the  system  and  prevent  the  formation  of  a  vacuum  when  current  is 
cut  ofif  from  the  heater  at  the  end  of  a  test. 
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The  lower  part  of  the  reservoir  C,  and  the  chamber  B,  contain 
water,  forming  a  seal  to  prevent  the  drawing  of  oil  into  the  boiler 
or  radiator. 

When  it  is  desired  to  calibrate  the  boiler  to  determine  its  direct 
loss,  it  is  only  necessary  to  close  the  valve  W.  The  pressure  regu- 
lator continues  to  maintain  the  same  pressure,  and  the  electric  energy 
furnished  becomes  the  measure  of  the  boiler  loss. 

ELECTRIC    MEASURING    APPARATUS 

An  ordinary  radiator  requires  only  two  or  three  kilowatts  and 
the  registering  apparatus  of  a  watt-hour  meter  does  not  furnish 
means  for  determining  energy  increments  over  short  lengths  of 
time.  In  order  to  make  full  use  of  the  possibilities  of  this  method 
of  testing,  a  special  refinement  had  to  be  worked  out. 

Two  very  light,  fine  wires  were  soldered  on  the  top  side  of  the 
meter  disc,  diametrically  opposite  each  other.  On  the  frame  of 
the  meter,  two  small  cups  were  fastened,  which  hold  a  few  drops 
of  mercury,  and  when  sufficiently  full,  the  mercury  meniscus  will 
extend  above  the  rim  of  the  cups.  The  wires  on  the  disc  are  bent 
over,  so  their  ends  drag  through  the  mercury,  but  do  not  touch  the 
cups.  Thus  the  disc  of  the  meter  causes  a  contact  to  be  made  and 
broken,  with  a  frictional  effect  so  minute  that  the  meter's  accuracy 
is  not  impaired.  The  6-volt  circuit  so  made  and  broken  operates, 
through  a  relay,  a  solenoid  attached  to  a  counter.  The  maintenance 
of  good  contacts  is  essential,  and  some  difficulty  has  been  encoun- 
tered in  securing  perfect  action,  but  it  is  believed  that  it  can 
ultimately  be  overcome. 

Each  revolution  of  the  meter  disc  measures  1-2/3  watt.  Two 
counts  are  registered  for  each  revolution  of  the  disc,  so  that  a 
definite  measurement  is  obtained  for  each  2/3  watt,  or  each  2.3  B.t.u. 
supplied  to  the  boiler. 

Connections  are  provided  whereby  test  meters  may  be  easily 
inserted  in  the  circuit,  and  the  measuring  apparatus  tested  for 
possible  inaccuracy. 

The  maximum  capacity  of  the  heater  is  10,500  watt,  but  for 
automatic  control  it  is  wired  so  that  its  capacity  is  5,250  watt. 
With  this  arrangement,  the  heater  is  on  about  half  the  time,  and 
ofif  about  half  the  time. 

For  a  great  part  of  the  accessory  apparatus  described  above,  I  am 
indebted  to  the  resourcefulness  of  Mr.  H.  E.  Keeler,  an  instructor 
in  Mechanical  Engineering  at  the  University  of  Michigan. 
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COMPARISON   OF   VALUES   OF   COEFFICIENTS   AS   DETERMINED   BY 
STEAM    AND    ELECTRIC    METHODS 

Although  the  electrical  method  is  fundamentally  accurate,  and 
hardly  needs  verification  by  comparison  of  its  results  with  those  of 
the  steam  method,  it  is  of  interest  to  make  these  comparisons.     A 
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FIG.  4.     INPUT  AND  TEMPERATURE  CURVES   FROM   TYPICAL  TESTS. 


series  of  tests  was  made  on  a  38-in.  3-column,  12-section  cast-iron 
radiator,  using  first  the  electrical  method,  and  afterwards  the  steam 
method.  All  the  tests  were  made  in  the  same  room,  with  all  condi- 
tions as  nearly  alike  as  possible. 

For  the  steam  method  the  value  of  K  (B.t.u.  per  hour  per  sq.  ft. 
per  degree  difiference)  averaged  for  three  tests  was  1.643.  For  the 
electrical  method,  the  value  of  K,  averaged  for  three  tests,  was  1.661. 
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The  difference  is  0.018  B.t.u.,  or  about  1.1  per  cent,  which  shows 
substantial  agreement. 

The  above  results  by  the  electrical  method  were  obtained  by  rheo- 
stat regulation  of  the  supply  which  was  therefore  constant.  No 
direct  comparison  of  the  electrical  method  employing  automatic 
control  with  the  steam  method  is  available.  However,  in  recent  tests 
of  a  2-column  cast-iron  radiator  by  the  electrical  method  employing 
the  automatic  pressure  regulator,  and  therefore  intermittent  sup- 
ply, the  value  of  K  was  1.534. 

In  an  extensive  series  of  tests  conducted  a  few  years  ago  on  a 
radiator  exactly  like  the  one  above,  but  in  a  different  room,  the 
value  of  A'  was  found  to  be  1.562,  using  the  steam  method.  The 
difference  is  0.028  B.t.u.  or  1.8  per  cent. 

GRAPHICAL    REPRESENTATION    OF    QUANTITIES    DURING   TESTS 

In  Fig.  1  are  shown  curves  representing  the  observed  values  of 
the  most  important  quantities,  as  plotted  during  tests.  The  first 
sections  of  the  curves  represent  a  test  of  one  radiator.  During  the 
time  covered  by  the  dotted  sections,  the  first  radiator  was  removed, 
and  another  radiator  was  placed  on  the  stand  preparatory  to  testing 
it  The  last  sections  of  the  curves  represent  the  test  of  this  second 
radiator. 

The  actual  time  of  changing  radiators  was  not  more  than  20 
minutes.  The  rest  of  the  time  between  tests  was  occupied  in  warm- 
ing up  the  new  radiator,  purging  it  of  air  and  taking  preliminary 
readings,  not  recorded. 

These  curves  are  very  valuable  for  showing  when  conditions 
become  constant,  and  in  calculating  performance  of  the  radiator,  a 
length  of  time  is  selected  during  which  the  curves  are  practically  flat. 
For  example,  in  the  first  test  of  Fig.  4,  the  time  from  9  :00  to  10:00 
was  considered  as  the  length  of  the  test-  proper. 

In  addition  to  the  purpose  described  above,  the  curves,  in  the  case 
of  Fig.  4,  serve  to  show  something  of  the  different  effects  of  the 
two  radiators  on  the  distribution  of  temperature  within  the  room. 

Such  curves  can  be  plotted,  and  should  be  plotted  when  the  steam 
method  of  testing  is  employed.  They  will  be  much  less  smooth,  how- 
ever, than  those  which  represent  the  electrical  method,  particularly 
the  input  curve,  which  will  be  expressed  in  terms  of  the  weight  of 
condensed  steam.  From  the  input  curve  of  Fig.  4,  the  maximum 
variation  during  one  test  is  within  1^  per  cent,  and  even  this 
variation  is  unusual;  while  for  the  steam  method  it  requires  great 
care  to  keep  the  variation  of   weight  of  condensed   steam   for   15 
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minute  intervals  within  10  per  cent.  Sufficiently  accurate  results 
can  be  obtained  by  the  steam  method,  but  the  tests  must  be  continued 
longer  in  order  to  obtain  correct  averages. 

ADVANTAGES    OF    THE    ELECTRIC    METHOD 

The  one  big  disadvantage  of  the  electric  method  is  that  it  requires 
considerable  special  apparatus,  which  is  rather  expensive.  But  in  all 
other  respects,  it  is  our  experience  that  it  is  superior  to  the  steam 
method.  The  flexibility  of  location  in  the  room,  the  refinement  of 
measurement  of  input,  the  maintenance  of  a  uniform  pressure,  and 
the  facility  of  changing  radiators  for  test,  have  already  been  men- 
tioned. In  addition,  the  electric  method  offers  the  advantage  of 
furnishing  the  steam  to  the  radiator  in  a  saturated  or  wet  state, 
which  is  the  normal  condition  of  operation.  This  advantage  is 
probably  slight  in  itself,  but  taken  in  connection  with  the  difficulty 
of  maintaining  a  constant  small  amount  of  superheat,  which  is 
necessary  in  the  steam  method,  it  is  well  worth  considering. 

The  value  of  curves  like  those  of  Fig.  4  has  already  been  alluded 
to.  In  the  electric  method,  the  curves  become  of  value  sooner  after 
a  test  is  started  than  is  the  case  with  the  steam  method,  because  the 
points  representing  the  input  fall  on  a  practically  smooth  curve, 
whose  trend  or  direction  is  almost  at  once  apparent.  In  the  steam 
method,  the  line  joining  the  input  points  zigzags  so  much  that  it 
requires  a  considerably  longer  time  to  establish  its  trend. 

The  electric  method  has  not  yet  been  employed  to  test  hot  water 
radiators,  but  it  would  appear  to  be  admirably  adapted  for  this  pur- 
pose. For  such  work,  the  boiler  could  be  placed  beneath  the  floor 
directly  below  the  radiator,  in  an  inclined  position,  and  observations 
would  be  taken  in  identically  the  same  manner  as  in  testing  steam 
radiators. 
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A 

DISCUSSION 

The  Author:  In  this  paper  I  am  presenting  a  new  method  of 
testing  radiators.  In  testing  radiators  the  most  difficult  and  most 
important  element  to  determine  is  the  heat  input,  that  is,  the  num- 
ber of  heat  units  delivered  to  the  radiator.  In  the  ordinary  steam 
method,  which  has  heretofore  been  a  standard,  the  plan  followed 
is  to  weigh  the  condensate  at  regular  intervals  and  determine  the 
heat  value  of  the  steam  by  a  measurement  of  the  pressure,  a  small 
degree  of  superheat  being  maintained  in  the  entrance  steam.  This 
method  is  an  alternate,  and  I  believe  has  some  advantage. 

Perry  West  :  I  should  like  to  ask  if  the  temperature  of  the  room 
was  maintained  while  the  boiler  was  being  calibrated,  or  was  the 
same  room  temperature  maintained  during  the  time  the  radiator 
was  being  tested  as  when  the  boiler  was  being  calibrated? 

The  Author  :  The  boiler  is  calibrated  most  advantageously  im- 
mediately after  the  test  of  the  radiator.  The  valve  is  closed  and  the 
automatic  pressure  regulator  continues  to  maintain  the  steam  pres- 
sure in  the  boiler.  The  room  temperature,  of  course,  begins  to  drop, 
but  the  calibration  can  be  obtained  before  that  temperature  drops 
far  below  the  normal.  It  is  hardly  necessary  to  introduce  another 
radiator  in  the  room  to  keep  the  temperature  up  during  the  calibra- 
tion. 

James  H.  Davis  :  I  believe  you  made  a  recent  test  on  cast-iron 
and  steel  radiation,  in  which  the  cast-iron  gave  off  about  25  per  cent 
more  B.t.u.'s  than  the  steel,  and  yet  one  maintained  the  same  tem- 
perature as  the  other.     Have  you  been  able  to  find  out  why  yet? 

The  Author  :     I  have  not. 

H.  F.  Rosenow^  :  Did  you  find  that  the  cast-iron  gave  off  more 
heat  than  the  steel? 

The  Author:  I  am  not  prepared  to  tell  our  results,  but  the  fact 
was  that  the  radiators  were  tested  right  along  in  series,  so  to  speak. 
We  had  on  first,  a  pressed  steel  radiator,  and  in  plotting  the  curves 
they  came  to  a  certain  level.  Then  immediately  a  cast-iron  radi- 
ator was  put  on.  The  input  curves  jumped  up  about  15  per  cent,  but 
the  room  temperature  was  maintained  the  same.  The  curves  showed 
that  very  graphically.  1  have  no  theory  yet  to  offer  for  such  ap- 
parently revolutionary  results,  and  those  results  should  be,  of 
course,  verified  again  and  more  than  once  again,  before  they  are  ac- 
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cepted  as  facts.  But  at  the  present  time  I  cannot  see  any  flaw  in 
our  method  of  testing,  any  flaw  in  the  results,  or  any  reason  that 
can  be  attributed  for  this  difference  except  the  difference  in  the 
radiators. 

J.  I.  Lyle  :  Did  you  say  that  when  you  put  on  the  cast-iron  radi- 
ator your  input  increased  immediately? 

The  Author  :    Yes. 

J.  I.  Lyle:    How  long  duration  was  each  of  the  radiators  on? 

The  Author:  They  were  on  two  or  three  hours,  until  these 
curves  became  perfectly  level. 

J.  L  Lyle  :  Was  this  not  due  to  the  mass  of  the  cast-iron,  the 
greater  prominence  of  metal. 

The  Author:  No,  that  could  not  be,  because  the  tests  were  car- 
ried on  long  enough  so  that  the  curves  became  flat.  It  takes,  of 
course,  considerably  longer  to  warm  up  the  cast-iron.  No  readings 
were  taken,  or  at  any  rate,  none  used  in  calculating  results  until  the 
radiators  were  entirely  clear  of  air  and  perfectly  hot. 

L.  A.  Harding:  May  I  ask  if  the  radiators  were  all  of  the  same 
type? 

The  Author:  They  were  of  the  same  type  in  that  they  were  all 
floor  radiators.  There  was  one  cast-iron  radiator  used  as  a  stand- 
ard of  comparison,  so  to  speak,  and  then  several  of  the  pressed  steel 
radiators  were  tested  and  compared  to  it.  While  the  pressed  steel 
radiators  varied  somewhat  among  themselves ;  that  is,  there  were 
different  heights  and  sections  and  widths,  etc.,  they  all  exhibited 
the  same  characteristic,  viz. — that  they  required  a  good  deal  less 
energy  than  the  cast-iron. 

Perry  West  :  Were  these  curves  based  on  the  commercial  rat- 
ing of  the  radiators  in  square  feet  as  well  as  square  feet  of  actual 
measurement  ? 

The  Author  :     On  the  commercial  rating. 

Perry  West  :  There  might  be  a  difference  between  the  commer- 
cial rating  and  the  actual  square  feet  of  surface. 

The  President  :  Prof.  Emswiler,  you  have  the  privilege  of  the 
floor  in  order  to  close  the  discussion. 
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The  Author  :  I  have  hopes  some  day,  with  this  method  of 
pretty  definitely  setthng  the  question  of  the  location  of  a  radiator 
in  a  room,  that  is,  the  point  in  the  room  where  it  may  be  most 
economically  located.  I  have  already  conducted  a  few  tests  along 
this  line  with  fairly  definite  results,  but  I  think  that  merely  testing 
a  radiator  in  different  positions  is  not  sufficient,  but  pretty  complete 
tests  of  temperature  should  be  taken  at  the  same  time,  so  that  tne 
distribution  of  heat  in  the  room  can  be  fully  determined  as  well  as 
the  input  to  the  radiator.  The  tests  that  I  have  made  so  far  indicavc 
that  a  radiator  will  dispose  of  more  heat  on  the  exposed  side  of 
the  room,  next  to  the  window,  than  at  any  other  location  in  the  room, 
and  still  not  maintain  the  room  temperature  at  any  higher  degree. 
However,  this  point  needs  more  experimentation  to  definitely 
settle  it. 


No.  489 

VENTILATION  OF  MINES 

By  Thomas  Chester,  New  York,  N.  Y. 
Member 

THE  total  coal  production  of  the  United  States  is  about  600,000,- 
000  tons  per  annum,  about  500,000,000  of  this  being  bituminous 
coal  and  the  remainder  anthracite.  If  this  volume  of  coal  were 
to  be  arranged  in  the  form  of  a  long  block,  3  ft.  square,  it  would 
extend  about  300,000  miles,  or  12  times  ,around  the  earth  at 
the  equator. 

In  order  to  obtain  the  production  of  600,000,000  tons  of  coal  per 
annum,  about  750,000  men  are  employed,  including  the  men  required 
outside  as  well  as'  inside  the  mines. 

One-fifth  of  the  total  amount  of  coal  mined  is  used  as  fuel  on  the 
railroads,  the  remaining  four-fifths  being  burned  at  power  plants 
and  in  residences.  In  transporting  this  latter  80  per  cent  around 
the  country,  there  is  a  great  deal  of  lost  energy,  as  the  freight  cars 
weigh  about  25  per  cent  of  the  weight  of  coal  carried.  These  cars 
return  empty  to  the  mines,  so  that  the  deadweight  represents  50  per 
cent  of  the  weight  of  the  coal  transported. 

Scientists  have  recommended  that  coal  be  burned  at  power  plants 
located  close  to  the  mine  shafts,  and  electrical  energ}-  delivered  to 
the  surrounding  cities  over  high  tension  wires  in  the  same  manner  as 
power  is  transmitted  from  generating  stations  at  Niagara  Falls  and 
other  water  power  plants.  The  production  of  power  from  coal  at 
the  mines  for  distribution  to  surrounding  cities  is  now  being  made 
use  of  to  a  limited  extent.  One  plant  of  considerable  size  is  located 
at  Hauto,  Pa.,  which  is  owned  by  the  Lehigh  Valley  Coal  &  Naviga- 
tion Co. 
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The  thermal  efficiency  of  the  best  power  plants  in  the  country, 
however,  does  not  exceed  IT  per  cent,  which  is  a  very  low  amount, 
and  in  the  majority  of  cases,  this  efficiency  is  only  5  to  10  per  cent. 

Of  course,  the  energy-  obtained  from  the  burning  of  coal  is  that 
which  was  given  to  it  in  the  carboniferous  period  over  100,000  years 
ago.  The  trees  and  plants  used  the  heat  energy-  of  the  sun  to  dis- 
sociate the  carbon  and  ox3gen  in  carbon  dioxide,  building  up  the 
cellular  tissue  of  leaves  and  trunks  from  the  carbon  in  combination 
with  hydrogen  taken  from  water.  Thus  the  power  which  furnishes 
us  with  all  modern  conveniences  was  taken  from  sinilight  of  ages 
ago.  The  great  improvement  in  living  conditions  during  the  last 
two  centuries  can  be  directly  attributed  to  the  use  of  coal  as  fuel, 
as  the  tremendous  amount  of  power  obtained  from  coal  enables  the 
varied  products  of  manufacture  to  be  produced  at  comparatively 
small  expense. 

With  regard  to  power  production,  however,  it  is  unquestionable 
that  in  after-ages  people  will  make  more  use  of  water  power  than 
at  present,  as  in  the  case  of  New  York  State  for  instance,  the  annual 
rainfall  amounts  to  39.4  in.  and  this  is  equal  to  2,830,000  tons  of 
water  on  each  square  mile  of  surface.  This  energy-  also  is.  of  course, 
obtained  from  the  sun  due  to  the  heating  of  the  atmosphere  causing 
winds  and  the  evaporation  of  water  which  is  transported  in  the  form 
of  a  gas  and  descends  as  rain. 

Possibly  the  total  number  of  men  employed  in  the  electrical  in- 
dustries is  around  150.000,  so  that  it  will  readily  be  seen,  the  elec- 
trical production  of  the  country  could  be  vastly  increased  if  the 
750,000  men  now  employed  underground  were  changed  over  to  elec- 
trical work.  No  doubt  at  some  future  time  the  internal  heat  of  the 
earth  will  be  made  use  of  for  heating  factories  and  residences  and  it 
seems  absurd  to  keep  such  a  large  army  of  men  at  work  digging  out 
coal  when  a  few  shafts  in  each  city  driven  down  from  5  to  10  miles 
would  furnish  all  the  heat  necessary  by  allowing  water  to  descend 
to  the  heated  interior  to  be  turned  into  steam. 

NATURAL   VENTILATION 

Both  coal  and  metal  mines  will,  to  a  considerable  extent,  ventilate 
themselves  by  natural  means  due  to  the  different  temperatures  of  the 
air  outside  and  within  the  mine.  This,  of  course,  is  caused  by  the 
light  air  ascending  and  the  heavy  air  descending.  The  impression 
is  held  to  a  considerable  extent  that  the  draft  of  a  stack  is  caused 
by  suction  in  some  manner  but  the  principle  involved  is  the  effect 
of  gravitv  on  the  heavier  air  causing  same  to  flow  under  the  lighter 
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air.    Similarly  a  balloon  rises  for  the  reason  that  it  is  thrvist  upwards 
by  the  heavier  air  around  its  exterior. 

The  air  current  in  mines  usually  reverses  itself  twice  a  year.  It  is 
easier  for  it  to  descend  through  one  shaft  and  ascend  through  the 
other  than  to  have  upward  and  downward  currents  in  the  same  shafts. 
It  will  be  seen  that  with  the  motion  through  a  mine  in  one  direction  in 
the  winter,  the  downcast  shaft  will  be  considerably  cooled  due  to  the 
cold  air  entering  same.  When  warm  weather  arrives,  this  cold  shaft 
is  gradually  warmed  up  by  reason  of  the  warm  air  and  as  spring 
advances,  the  entering  air  becomes  warmer  than  the  air  leaving  the 
mine  at  the  upcast  shaft.     This  causes  a  retarding  influence  and 


FIG.l.     .\    MINE   FAN    IXSTALL.ATIOX    IX   PEXXSVLVAXIA.    FITTED    WITH 
EXPLOSIOX   DOORS. 

eventually  the  current  will  reverse  itself  so  that  the  upward  motion 
will  be  through  the  warm  shaft  which  was  the  downcast  shaft  dur- 
ing winter. 

Natural  ventilation  cannot  be  relied  upon  to  give  satisfactory  re- 
sults in  mines  as  there  is  not  sufficient  difference  in  head  available 
for  any  regulation  to  be  made  artificially,  so  as  to  compel  fresh  air 
to  travel  around  the  mine  generally.  The  air  tends  to  take  the  path 
of  least  resistance,  and  if  regulators  or  doors  are  used  to  choke  the 
air  path  so  as  to  cause  air  to  flow  around  the  workings  generally 
the  ventilating  current  is   considerably  reduced. 

F.\X   VEXTIL-^TIOX 

The  majority  of  mines  are  equipped  with  fans  which  either  de- 
liver air  to.  or  exhaust  it  from,  the  v.'orkings.  !Most  mine  fans  arc 
made  reversible  so  that  they  can  operate  in  either  manner,  as  will  be 
described  later  on. 
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The  amount  of  air  used  to  ventilate  a  coal  mine  is  usually  from 
two  to  three  times  as  great  in  weight  as  that  of  the  coal  taken  out 
in  a  given  time.  A  mine  producing  say,  2,000  tons  of  coal  a  day  will, 
therefore,  require  the  movement  of  about  6,000  tons  of  air.  State 
laws  usually  call  for  150  cu.  ft.  of  air  per  minute  per  man  in  non- 
gaseous mines  and  200  cu.  ft.  per  man  in  mines  producing  a  good 
deal  of  gas.  The  allowance  for  mules  is  usually  500  cu.  ft.  per  min- 
ute per  animal.  It  is  found  this  allowance  will  produce  the  neces- 
sary dilution  to  keep  the  dangerous  gases  down  to  a  safe  amount. 

The  gases  to  be  removed  consist  principally  of  methane,  carbon 
dioxide  and  carbon  monoxide.  Methane  is  lighter  than  air  and, 
therefore,  stratifies  near  the  roof  surface  in  regions  where  there 
is  not  much  air  movement.  It  is  found  that  if  the  air  velocity  is  not 
allowed  to  fall  below  100  ft.  per  minute,  this  stratification  cannot 
take  place. 

The  amount  of  methane  produced  in  a  mine  is  usually  very  large. 
In  some  Pennsylvania  mines  in  the  anthracite  region,  it  reaches 
-'3,000,000  cu.  ft.  in  24:  hours  and  sufficient  fresh  air  has  to  be  taken 
through  the  workings  to  keep  the  dilution  down  to  a  safe  amount. 
If  the  amount  of  methane  in  gas-laden  air  is  less  than  5  per  cent,  it 
will  be  below  the  danger  point,  but  the  amount  of  air  drawn 
through  the  workings  should  be  sufficient  to  keep  the  gas  down 
below  2  per  cent  as  a  maximum. 

Explosions  in  mines  are  produced  by  ignition  of  methane  in  most 
cases  and  this  is  greatly  intensified  by  the  subsequent  immediate 
combustion  of  the  dust  which  is  found  in  practically  all  mines,  es- 
pecially during  the  winter  months.  During  this  season  of  the  year, 
the  entering  air  carries  only  a  small  amount  of  moisture  in  suspen- 
sion and  upon  being  warmed  up  within  the  mine,  its  relative  humid- 
ity is  made  very  low  so  that  it  readily  picks  up  moisture  from  the 
coal  and  dust,  leaving  the  latter  in  a  very  burnable  form.  Explo- 
sions are  generally  caused  by  miners  using  open  lights  in  dangerous 
places;  by  windy  shots  where  the  tamping  blows  out  of  the  holes 
and  flames  issue  for  considerable  distances  ;  by  electrical  short  cir- 
cuits in  the  wires  transmitting  power,  and  by  sparks  produced  when 
the  roof  falls  occasionally,  the  friction  of  the  descending  rocks  set- 
ting fire  to  any  gases  in  their  vicinity. 

EFFECT  OF  FALL  IN   BAROMETRIC   PRESSURE 

A  drop  in  the  barometric  pressure  of  ^^  in.  of  mercury  will  cause 
the  gas  in  the  old  workings  to  expand  1.6  per  cent  in  volume,  and 
this  means  that  this  amount  will  flow  out  from  the  old  workings 
into  the  gangwavs  and  entries.    This  air  having  been  stagnant  for  a 
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long  time  is  likely  to  be  heavily  charged  with  methane  and  carbon 
monoxide — the  former  obtained  from  the  strata  overlying  the  coal 
seam  and  the  latter  from  oxidation  of  coal  dust  and  mine  timbers. 
It  is  customary  to  use  stoppings  to  close  off  old  workings,  but  these 
are  not  always  made  as  tight  as  they  should  be.  Thus,  with  loosely 
constructed  stoppings,  the  air  in  the  old  workings  will  flow  out  into 
the  mine  generally,  as  a  drop  in  pressure  of  3^  in.  of  mercury  repre- 
sents 6.8  in.  water  gage,  and  the  difference  in  head  of  G.S  in.  on 
two  sides  of  a  stopping  will  produce  a  velocity  of  10,500  ft.  per 
mmute.  carbon  monoxide 

This  gas  is  highly  explosive,  and  also  is  a  highly  poisonous  gas, 
much  more  so  than  carbon  dioxide.  It  is  produced  by  explosives 
used  in  getting  out  coal,  the  slow  oxidation  of  coal  in  the  workings, 


FIG. 


A    LARGE    MINE    EXHAUST    FAX    IXSTALLATIOX,    SHOWIXG    EVASE 
STACK  COXSTRUCTED  HORIZOXTALLV. 


and  it  is  also  given  off  from  the  strata  overlying  the  coal.  Numbers 
of  people  are  killed  every  year  in  garages  as  a  result  of  auto- 
mobile engines  giving  off  this  gas  when  running  slowly,  as  a  very 
slight  percentage  is  sufficient  to  cause  death.  It  has  an  affinity  for 
the  red  corpuscles  in  the  blood,  and  a  cut  producing  a  flow  of  blood 
will  not  be  stopped  as  in  the  ordinary  manner  by  clotting,  as  the 
blood  of  a  person  who  has  inhaled  carbon  monoxide  remains  fluid 
and  of  a  bright  scarlet  instead  of  turning  to  brown.  The  poison  is 
especially  insidious ;  a  man  never  realizes  there  is  anything  wrong 
until  he  finds  himself  too  weak  to  move. 

All  mines  have  carbon  monoxide  in  them.  It  seeps  out  of  the 
cracks  in  the  rock  in  metal  mines  and  out  of  both  coal  and  overlying 
rocks  in  coal  mines.  In  gaseous  mines,  the  miners  occasionally  make 
use  of  canaries  or  mice,  as  these  creatures  succumb  very  readily  to  the 
gas  and  a  miner  is  made  aware  it  is  time  to  go  when  he  sees  a  canarv 
or  mouse  collapse  or  die.     Even  with  as  small  an  amount  of  carbon 


302 


Transactions  of  Am.  Soc.  of  Heat.  &  Vent.  Engineers 


FIG.    3       DOUBLE   INLET   REVERSIBLE    FAN    ARR.\NGED    FOR    EXIl.XUSTINC 

FROM  MINE. 


FIG      4         SINGLE      INLET      FAN      EX-        FIG.    5.      DOUBLE    LXLKT    KAN    BLOW- 
'lIAUSTING    FROM    A    SHAFT.  IXG    INTO- A    SHAFT. 


FIG.    6.      SINGLE    INLET    FAN    EX- 
HAUSTING   FROM    A    DRIFT. 


FIG.   7.     DOUBLE   INLET   FAN   BLOW- 
ING  INTO   A   DRIFT. 
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monoxide  as  1  per  cent  a  man  will  succumb  to  the  influence  of  this 
poisonous  gas  as  his  blood  will  gradually  absorb  it.  Charged  to 
saturation  point,  the  blood  of  a  human  being  will  pick  up  about  2 
pints  of  this  gas.  ,„^j,  resistance 

The  point  of  paramount  importance  in  designing  a  fan  for  ven- 
tilating a  mine  is  to  ascertain  as  nearly  as  possible  the  resistance 


no.  8.     A  LARGE  DOUBLE  LXLET   MINE  FAN,  WITH   EVASE  OR   EXPANDING 

OUTLET  STACK.   SHOWING  DAMPER   FOR   REVERSAL  AND 

ADJUSTABLE   THROAT   MECHANISM. 

which  the  mine  will  offer  to  the  required  volume  of  air.  As  men- 
tioned previously,  this  required  volume  is  calculated  by  making 
suitable  allowance  for  the  number  of  men  and  animals  in  the  mine 
and  by  additional  allowances  for  removing  gas. 

Coal  is  mined  in  the  majority  of  cases  from  seams  at  some  distance 
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below  the  surface  and  it  is  necessary  to  bore  shafts  to  get  to  the 
coal.  In  mines  of  this  type,  which  form  about  90  per  cent  of 
those  operated  in  the  country,  the  resistance  will  vary  from  1  in. 
to  6  or  7  in.,  according  to  the  sizes  of  downcast  and  upcast  shafts 
and  air-ways. 

In  West  Virginia,  a  large  amount  of  the  country  has  been  eroded 
by  the  action  of  water  and  the  coal  is  sometimes  several  hundred 
feet  above  the  river  valleys  and  above  the  railroad  tracks  which  are 
in  the  valleys.  What  is  known  as  drift  mining  is  employed  to  get 
out  the  coal  under  such  conditions,  and  horizontal  drifts  or  adits  are 
run  into  the  coal  seam.  It  is  possible  to  use  as  many  inlets  and 
outlets  as  necessary  with  a  mine  of  this  kind,  and  in  consequence 
disc  fans  can  be  used  as  the  resistance  usually  is  only  from  ^  to 
1  in.  of  water. 


FIG.    9.     A   FAN   ARRANGED   IN   A   MINE   AIR   WAY   FOR  BOOSTING. 

The  friction  of  airways  is  the  cause  of  mine  resistance.  In  passing 
through  a  mine,  the  air  tends  to  be  held  back  by  all  irregularities  of 
surface,  props,  etc.,  and  by  changes  in  direction  or  bends.  The 
friction  is  calculated  by  the  use  of  the  formula 

F  —  KSV 
where  K  =  a.  suitable  coefhcient, 

.S  ■=  the  total  square   feet  of  rubbing  surface  or  perimeter 

multiplied  by  the  length  of  airway. 
V^  =  the  velocity  in  feet  per  minute  squared. 
The  coefficient  used   most   extensively  is   that   recommended  by 
Fairley,  which  is  .000,000,01. 

REVERSIBILITY 

Most  mine  fans  are  made  reversible  so  that  air  can  be  either 
blown  into  or  exhausted  from  the  mine  by  the  fan,  so  that  changing 
over  the  latter,  changes  the  entire  circulation  in  the  mine.    This  is 
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made  use  of  to  thaw  out  ice  formed  in  cold  weather.  It  is  usually 
found  best  to  have  the  downcast  shaft,  or  the  place  where  the  air 
enters  the  mine,  employed  for  getting  out  the  coal,  as  this  keeps 
the  gangways  down  below  in  a  fairly  safe  condition  as  clean  air 


FIG.    10.     EQUIPMENT    OF    INSTRUMENTS    USED    IN    TESTING    A   MINE    FAN. 


passes  through  them.  When  this  is  the  case,  electric  lights  can  be 
used  without  danger,  as  short-circuiting  of  wires  or  breaking  of 
lamps  would  not  cause  any  harm,  and,  with  good  illumination,  the 
output  of  coal  can  be  considerably  increased. 

The  cold  air  entering  the  shaft  will  in  winter  sometimes  freeze 
the  water  which  is  continually  dropping  down  and  tend  to  choke  the 
shaft  and  also  block  the  gangways  below.  By  reversing  the  fan  at 
night  occasionally,  the  warm  air  of  the  mine  can  be  caused  to  flow 
back  through  the  hoisting  shaft  and  thaw  out  the  accumulated  ice. 
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A  mine  fan,  operating  as  an  exhauster,  creates  a  depression  of 
head  or  pressure  within  its  impeller  and  this  causes  the  adjacent  air 
in  the  fan  side  drifts  to  flow  in  to  take  the  place  of  the  air  removed 
by  the  fan.  In  this  manner  air  is  forced  out  of  the  upcast  shaft  by 
the  higher  atmospheric  pressure,  producing  a  downward  flow 
through  the  downcast  shaft  and  air  currents  through  the  mine  to 
the  upcast  shaft. 

Some  ventilating  engineers  speak  of  fan  exhausters  as  pulling 
out  the  air,  but  of  course  this  is  entirely  incorrect,  as  there  is  no 
cohesion  between  air  molecules,  and  a  gas  cannot  be  pulled  in  the 
same  way  as  a  solid  bar. 
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FIG.     11.     ARRANGEMENTS     OF     FANS     FOR     SINGLE     AND     DOUBLE     ENTRY 

VENTILATION. 


Some  ventilating  engineers  have  a  preference  either  for  fans  oper- 
ated as  exhausters,  or  as  blowers,  but  there  is  not  much  difference 
in  the  results.  With  a  mine  operated  under  the  exhaust  system,  the 
pressure  in  the  mine  generally  is  less  than  that  of  the  atmosphere 
outside,  so  that  when  the  fan  is  shut  down,  the  pressure  within  the 
mine  is  increased  slightly  and  tends  to  hold  back  the  flow  of  gas. 
This  is  not  of  any  great  consequence,  however,  as  the  pressure  of 
the  pent  up  or  occluded  gas  in  the  strata  overlying  the  coal  seam  is 
very  high,  frequently  amounting  to  several  atmospheres. 
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There  is  not  much  need  of  emphasizing  the  vakie  of  proper  venti- 
lation in  mines,  both  from  a  humanitarian  standpoint  and  as  accident 
prevention.  There  is,  however,  another  side  to  the  question,  which 
is  sometimes  overlooked.  Ventilation  has  a  very  decided  influence 
on  the  mine's  production  and  profits.  'Sien  who  are  in  good  physical 
condition  can  get  out  more  coal  than  those  who  are  reduced  in 
efficiency  due  to  the  presence  of  noxious  gases. 

J.  J.  Walsh,  a  prominent  mine  inspector  of  Pennsylvania,  has  esti- 
mated  that   10  per  cent  more  coal  could  be  produced   than   is  at 


riG.   12.  A  FAN  FITTED  WITH  A  FLEXIBLE  DUCT  FOR  ENTRY  VENTILATION. 


present  taken  out,  if  all  mines  were  thoroughly  ventilated,  and  thi> 
is  a  conservative  estimate.  In  some  well  authenticated  cases  the 
increase  has  amounted  to  30  per  cent. 

METAL   MINES 

In  metal  mines,  the  volume  of  air  handled  per  minute  is  very  much 
less,  and  as  a  consequence  the  humidity  is  very  much  higher,  as  the 
moisture  carried  per  cubic  foot  is  increased,  due  to  compression  in 
the  case  of  a  mine  5,000  or  (3,000  ft.  deep.  In  one  case,  where  fans 
were  installed  in  a  mine  in  Brazil,  the  production  per  man  was  about 
doubled  owing  to  reduction  in  temperature  caused  by  improving  the 
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ventilation.  The  increase  of  air  temperature  due  to  air  becoming 
more  dense  as  it  passes  down  a  mine  is  about  1  deg.  fahr.  for 
every  180  ft.,  while  the  increase  in  rock  temperature  is  approximately 
1  deg.  for  every  125  ft.  The  rock  temperature  is  reduced  by  keeping 
up  a  current  of  cold,  fresh  air. 

In  metal  mines,  it  was  once  considered  satisfactory  to  allow  the 
miners  to  make  use  of  the  air  which  escapes  from  the  drills,  this 
being  about  from  80  to  100  cu.  ft.  per  drill  per  minute.  A  consid- 
erable change  has  taken  place  in  the  last  few  years  and  most  metal 
mines  of  any  size  are  now  equipped  with  regular  fan  systems  of 
ventilation. 

TESTING   MINE  FANS 

All  shaft  mines  are  provided  with  a  shaft  sunk  from  the  surface 
to  the  entries  or  gangways  below,  called  an  air  shaft;  this  may  be 


FIG.     12.     A    FAN    INST.\LLATION    THAT    VENTILATES    AN    IRON    MINE    IN 
NEWFOUNDLAND,    EXTENDING    SEVERAL    MILES    UNDER    THE    SEA. 


either  a  separate  opening  for  the  sole  purpose  of  conveying  air  or 
part  of  the  main  hoisting  shaft  partitioned  off  for  that  purpose.  At 
the  foot  of  the  air  shaft  two  or  more  separate  channels  or  air- 
ways branch  off  in  different  directions.  These  channels  are  termed 
"splits."  As  the  air  shaft  passes  through  solid  rock  in  most  cases 
and  is  generally  lined  with  brick  or  concrete  and  as  the  splits  are 
channels  cut  in  the  solid  coal  there  is  no  chance  for  air  leakage,  so 
that  test  readings  can  be  taken  at  any  point  where  the  flow  is  fairly 
uniform.  If  required,  readings  can  be  made  simultaneously  in  the 
splits  near  the  foot  of  the  air  shaft  and  the  total  volume  handled  by 
the  fan  can  be  calculated  by  adding  the  volumes  passed  by  the 
different  splits.  The  places  for  taking  test  readings  should  be  chosen 
with  a  view  to  getting  a  good  average  unbroken  stream  of  air  in 
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each  case  and  this,  of  course,  is  only  possible  where  the  air-way 
surfaces  are  fairly  smooth  and  not  broken  up  by  jagged  projections 
and  indentations. 

Where  splits,  or  main  air-ways  near  the  foot  of  the  air  shaft,  are 
of  large  size,  it  is  frequently  possible  to  get  reliable  figures  as  to  air 
velocities  by  means  of  anemometer  indications,  as  in  cases  of  this 
kind  the  velocity  is  often  around  1,000  ft.  per  min. 

Pitot  tube  readings  are  more  reliable,  however,  and  it  is  only 
necessary  to  connect  the  impact  tube  to  the  manometer  or  water 
gage,  as  the  open  side  of  this  instrument  is  subjected  to  the  static 
pressure  of  the  air-way. 


FIG.    14.     A    DISC    FAN    USED    FOR    VENTILATING   A    DRIFT    MINF    IN 
WEST   VIRGINIA. 


In  the  illustration,  Fig.  10,  a  number  of  instruments  will  be  noted, 
the  one  in  the  foreground' being  a  recording  pressure  gage,  which 
traces  a  curve  showing  the  static  pressure.  The  other  instruments  are 
ordinary  U-tube  water  gages  applied  to  the  fan  side  drift  so  as  to 
indicate  the  static  water  gage. 

During  a  test,  simultaneous  readings  are  made  of  the  rotative 
speed  of  the  fan,  the  power  developed  by  the  motor  or  engine,  the 
static  water  gage  in  the  side  drifts  leading  to  the  fan,  and  the 
volume  of  air  handled  per  minute  as  referred  to  above.  The  volume 
is,  of  course,  calculated  by  multiplying  the  cross  sectional  area  of 
the  air-ways  or  splits  by  the  average  velocity. 

The  efficiency  of  the  fan  is  calculated  by  dividing  the  horse- 
power in  air,  or  useful  work,  by  the  power  delivered  to  the  fan 
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shaft.  The  horse-power  in  air  is  calculated  by  the  following  formula : 

V  X  WG  X  5.2          V  X  IVG 
H.P.  = =  _ 


33,000 


6346 


where 

WG  =  pressure  indicated  by  water  gage. 
V  =  volume  in  cubic  feet  per  minute. 

EQUIVALENT  ORIFICE 

No  mine  should  be  equipped  with  any  style  of  fan  having  a  mini- 
mum inlet  area  less  than  twice  the  equivalent  orifice  if  anything  like 


FIG.    15.     TYPICAL  INSTALLATION    OF   A   MOTOR    DRIVEN    FAN    IN    A 
METAL   MINE. 


good  efficiency  is  desired.  This  holds  true  whether  the  fan  is  to  be 
used  as  a  blower  or  as  an  exhauster,  as  at  the  point  of  highest 
efficiency  there  is  a  definite  ratio  between  the  fan  inlet  area  and  the 
mine  equivalent  orifice.  In  the  majority  of  good  installations, 
the  mine  inlet  area  is  about  2.5  times  the  equivalent  orifice  of  the 
mine. 

The  equivalent  orifice  varies  directly  as  the  volume  of  air  passed 
per  minute  and  inversely  as  the  square  root  of  the  resistance,  so 
ihat  with  the  same  mine  conditions  prevailing,  the  equivalent  orifice 
remains  the  same  with  the  fan  speed  altered  and  the  volume 
increased  or  decreased.    Taking  as  an  example,  a  mine  offering  3  in. 
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water  gage  resistance  to  the  flow  of  200,000  cii.  ft.  per  min.,  the 
equivalent  orifice  is  found  to  be  4().2  sq.  ft.  by  using  the  well-known 
formula  for  equivalent  orifice : 

vol.  cu.  ft.  per  min. 

0  =  0.000-t  X  

V   W.G. 
In  other  words,  a  fan  drawing  air  through  an  opening  of  46.2  sq.  ft. 
in  a  thin  plate  would  encounter  just  the  same  resistance  as  when 
exhausting  the  same  volume  200,000  cu.  ft.  per  min.  from  a  mine 
offering  a  resistance  of  3  in.  water  gage. 

murgue's  formula 
It  will  doubtless  be  instructive  at  this  point  to  examine  the  equiva- 
lent orifice  equation  developed  by  M.  Daniel  Murgue  as  given  above. 


FIG.    16.     A    PORTARLE    FAX    FITTED    WITH    FLEXIBLE    TUBIXG    FOR 
FIRE    FIGHTIXG. 

Using  the  established  value  of  (32  per  cent  as  representing  the  effec- 
tive area  of  an  opening  in  a  thin  plate,  allowing  for  znia  contracta, 
the  equivalent  orifice  of  4G.2  sq.  ft.  is  found  to  have  an  effective 
area  of  28.0  sq.  ft. 

Dividing  the  volume,  200,000  cu.  ft.,  by  the  effective  area  of  28.6, 
the  velocity  is  found  to  be  7,000  ft.  per  min.  Using  for  K  the  con- 
stant for  standard  air  as  per  U.  S.  Navy  practice,  namely  4,015  ft. 
per  min.,  the  equivalent  water  gage  is  found  by  dividing  the  square 
of  the  air  velocity  through  the  effective  area  of  the  e(iui\alt.'nt 
orifice  by  the  square  of  the  constant  K,  viz. : 

4,015 

]^  3.04  in.  water  gage 


7,000 

The  small    discrepancy    indicates    that    IMurgue    used    a    constant 
slightly  higher  than  4,015  ft.  per  min..  so  that  he  evidently  figured 
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on  air  having  a  little  less  weight  than  is  considered  standard  by  the 
Navy  Department  engineers. 

STANDARD  AIR 

United  States  Navy  Department  engineers  figure  on  standard  air 
as  70  deg.  fahr.  and  70  per  cent  relative  humidity,  and  in  this  condi- 
tion at  sea  level  it  weighs  0.07465  lb.  per  cu.  ft.  Water  at  62  deg. 
fahr.  weighs  62.355  lb.  per  cu.  ft.,  so  that  the  velocity  constant  K 
for  standard  air  is  4,015,  and  an  air  velocity  of  4,015  ft.  per  min. 
would  be  capable  of  supporting  a  column  of  water  1  in.  in  height. 

The  velocity  constant  is  worked  out  as  follows  from  the  relative 
weights  of  w^ater  and  air : 


2X  32.16  X  62.355  ,  ^-,  .  r. 

A  =  60  X  \^^^ =  4,01o  ft.  per  mm. 

^        12  X  0.07465 

The  artificial  representation  of  the  resistance  of  a  mine  by  an 
equivalent  orifice  renders  it  possible  to  carry  out  experiments  in  a 
laboratory  to  ascertain  the  characteristics  of  fans  of  various  kinds 
and  find  out  the  speeds,  power  consumption  and  pressure-producing 
capacities  of  fans  on  a  small  scale,  so  that  results  in  the  field  can  be 
accurately  predetermined. 
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DISCUSSION 

The  President  :  The  question  of  mine  ventilation  has  been 
touched  on  several  times  in  papers  that  have  been  presented  before 
the  Society,  and  there  have  been  expressions  of  great  interest  in  the 
subject.  It  is  a  very  wide  field  of  usefulness  and  particularly  is  it 
interesting  at  this  time. 

J.  E.  Emswiler  :  I  would  like  to  ask  Mr.  Chester  about  this  meas- 
urement of  the  flow  by  the  pitot  tube.  Since  the  manometer  is  lo- 
cated right  in  the  discharge,  so  that  no  connection  for  the  static  is 
necessary,  is  there  any  special  arrangement  on  this  side  of  the 
manometer  to  do  away  with  the  possible  injector  or  ejector  effect  of 
the  air  from  influencing  the  static  pressure  ? 

The  Author  :  I  never  saw  anything  used  for  preventing  that.  It 
might  be  a  good  thing  to  have  some  kind  of  thimble  or  shield  over 
the  static  holes  of  the  pitot  tube.  The  error  without  such  a  device, 
however,  would  not  be  anything  great,  because  the  velocity-head  is 
usually  low.  It  would  not  be  equivalent  to  much  more  than  1/64  in. 
of  water. 

Frank  K.  Chew:  What  is  the  attitude  of  the  miners  in  mines 
where  the  ventilation  has  been  scant,  after  a  good  system  of 
ventilation  has  been  put  in? 

The  Author  :  The  miner  is  very  strongly  in  favor  of  ventila- 
tion, because  he  knows  when  he  goes  down  in  a  mine  he  takes  his 
life  in  his  hands.  If  the  gas  becomes  very  strong  he  dies.  So  he 
is  an  enthusiast  for  ventilation.  There  cannot  be  too  much,  and  the 
miners  prefer  to  work  in  a  mine  that  is  well  ventilated  to  one  of  the 
old  mines  that  is  improperly  ventilated. 

Frank  K.  Chew  :  Does  that  have  the  effect  of  driving  men  from 
one  mine  to  another  if  the  ventilation  is  poor,  and  do  they  get  bet- 
ter wages? 

The  Author:  A  man  can  get  out  more  coal  in  a  mine  that  is  in 
good  physical  condition  and  therefore  make  more  pay.  We  usually 
find  that  a  mining  concern  or  operating  company  that  takes  good 
care  of  ventilation  will  take  good  care  of  everything  else ;  and  the 
miners  would  sooner  work  for  a  good  company,  that  would  be  up  to 
date  in  all  respects,  than  for  some  other  concern  that  did  not  give 
them  good  powder,  or  good  ventilation  or  anything  else. 

Frank  K.  Chew  :  How  does  the  ventilation  of  the  mines  here  in 
America  compare  with  that  in  mines  abroad  in  different  places  ? 
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The  Author  :  There  is  more  air  used  on  this  side  per  man  per 
ton  of  coal,  but  one  reason  for  that  is  that  the  coal  is  much  nearer 
the  surface.  In  this  country  the  coal  averages  about  200  ft.  below 
the  surface,  whereas  in  England  it  runs  nearer  1000  ft.,  in  Belgium 
2000  ft.,  and  in  Germany  3000  ft.  In  this  country  the  average  re- 
sistance is  about  3  in.  of  water  pressure  for  large  mines  and  in  Ger- 
many they  get  as  much  as  14  in.,  on  account  of  the  great  depth. 

W.  S.  TiMMis:  I  move  that  in  the  interest  of  legislation  for  the 
supplying  of  mines  with  adequate  ventilation,  this  Society  go  on 
record  as  urging  adequate  ventilation  for  mines. 

The  motion  was  seconded  by  Prof.  Hoffman  and  carried. 

The  President  :  There  is  one  feature  of  mine  ventilation  which 
Mr.  Chester  has  not  touched  on  in  his  remarks ;  the  greatest  danger, 
of  course,  in  coal  mines.  There  is  not  very  much  danger  in  metal 
mines,  as  nearly  all  the  air  the  men  need  is  supplied  by  the  exhaust 
from  the  air  drills.  The  greatest  difficulty  is  to  get  the  smoke  out 
after  they  have  fired  a  charge.  It  formerly  took  12  to  24  hours, 
whereas  now  they  get  it  out  in  15  minutes.  In  the  coal  mining  states 
of  Ohio,  Illinois,  Pennsylvania,  Alabama,  Virginia  and  West  Vir- 
ginia, there  are  laws  very  closely  resembling  one  another,  which  on 
the  whole,  provide  for  adequate  ventilation. 

What  is  necessary  to  make  a  success  of  mine  ventilation,  is  for 
some  genius  to  develop  an  instrument  that  is  adaptable  to  mines, 
which  will  quickly,  easily  and  definitely  determine  what  is  the  air 
flow  through  a  mine.  It  is  very  difficult  to  measure  the  air  flow 
in  a  mine  with  such  instruments  as  are  now  available.  It  is  a  dirty 
job  and  requires  a  lot  of  time  and  needs  special  equipment;  every- 
body hates  to  undertake  it  and  is  ready  to  pass  it  along  to  somebody 
else,  so  it  is  seldom  attempted,  except  by  compulsion. 

R.  Collamore  :  With  reference  to  the  standard  of  ventilation  for 
mines  I  notice  the  paper  simply  states  the  method  of  arriving  at  the 
quantity  of  air  required  by  allowance  per  man  and  per  animal.  Has 
there  ever  been  any  check  made  on  that?  May  I  ask,  Mr.  Chester, 
if  this  method  has  ever  been  checked  to  see  whether  it  ordinarily 
provides  the  proper  amount  of  air  for  ventilating  a  mine,  or  must 
there  be  some  other  item  taken  into  consideration  as  well? 

The  Author:  That  is  the  main  thing,  and  it  is  a  very  generous 
allowance.  The  men  get  ventilation  on  the  basis  of  about  four 
times  as  much  as  is  needed. 

J.  I.  Lyle:  One  thing  that  Mr.  Chester  has  not  touched  upon  in 
this  paper,  which  is  of  a  good  deal  of  importance  in  the  ventilation 
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of  coal  mines  especially,  is  the  drying  effect  of  the  air  used  for 
ventilation.  As  probably  everyone  knows,  the  greatest  number  of 
explosions  in  coal  mines  is  due  to  dust  occurring  in  winter  time, 
as  a  result  of  the  very  small  amount  of  moisture  in  the  air  and  the 
gradual  drying  out  of  the  dust  so  that  in  case  of  a  spark  or  an 
accident,  it  is  all  conveyed  through  the  mines.  Some  attempt  has 
been  made,  I  know,  towards  humidifying  mines,  but  I  do  not  be- 
lieve anything  that  is  very  successful  has  ever  been  done,  largely  due 
to  the  question  of  cost.  Steam  has  been  used  quite  a  good  deal, 
but  the  air  is  cold  when  it  is  brought  in  and  if  the  steam  is  inserted 
at  the  fresh  air  intake  before  the  air  has  had  time  to  heat  up,  a  great 
deal  of  it,  of  course,  is  condensed ;  it  forms  a  fog  and  carries  along 
a  great  distance,  sometimes  as  much  as  a  half  mile  or  more.  To 
carry  the  steam  into  a  mine  to  a  distance  where  the  air  has  been 
heated  up  and  has  the  capacity  of  absorbing  the  moisture,  is  an  un- 
dertaking that  the  miners  seem  to  object  to.  They  object  to  getting 
the  mine  any  wetter  than  it  has  to  be. 

The  Author  :  With  the  outside  air  around  zero,  when  the  air 
entering  the  mine  has  traveled,  say,  two  or  three  miles,  it  may  get 
up  to  50  deg.  so  that  the  humidity  will  necessarily  be  very  low.  I 
have  known  of  about  half  a  dozen  cases  where  they  made  some 
attempt  to  moisten  the  entering  air,  but  as  Mr.  Lyle  says,  unless  the 
air  is  warmed  so  it  will  carry  the  moisture  in  suspension  without 
having  it  in  the  form  of  rain,  it  would  spoil  all  the  insulation  and  rust 
everything  out  down  below.  It  is  necessary  to  preheat  the  air  and 
warm  it  up  to  about  40  deg.  fahr.  and  then  use  some  steam  jets  or 
some  kind  of  large  air  washer  with  warm  spray  water.  Most  min- 
ing companies  do  not  go  to  the  expense  of  having  the  most  scientific 
apparatus.  Matters  of  this  kind  should  be  taken  care  of  by  legis- 
lation and  until  this  is  done  there  will  be  mine  explosions.  It  gets 
to  be  a  big  problem  where  they  handle  anywhere  from  250,000  to 
400,000  cu.  ft.  a  minute,  as  some  of  these  mines  do,  and  proper  air 
conditioning  for  such  large  volumes  would  be  expensive. 

Mr.  Harger  :  I  would  like  to  ask  Mr.  Chester  whether  a  chemical 
analysis  of  the  monoxide  or  methane  has  ever  been  tried  to  deter- 
mine when  the  air  gets  explosive,  and  on  the  other  hand  also  to 
show  when  the  mixture  gets  dangerous  to  the  men  and  boys  in  the 
mines. 

The  Author  :  I  do  not  know  of  any  scientific  method  of  directly 
indicating  this.  The  way  the  miners  do  this  is  to  make  use  of  their 
safety  lamps  which  have  gauze  coverings.  The  theory  of  the  safety 
lamp  is  that  the  gas  can  burn  inside  of  the  perforated  gauze  cover 
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but  not  outside  of  it,  due  to  the  high  conductivity  of  the  copper ; 
if  the  flame  stays  inside,  the  copper  carries  away  the  heat  so  fast 
that  the  gas  just  outside  does  not  get  up  to  the  ignition  temperature: 
Therefore  you  may  have  a  combustible  gas  outside  and  the  flame 
will  burn  inside  the  lamp  and  will  not  burn  outside. 

The  way  a  miner  tests  for  gas,  is  to  raise  his  lamp  up  to  the  roof. 
The  dangerous  gas  being  light  in  density  stays  near  the  upper  por- 
tion of  the  room,  and  if  the  safety  lamp  is  raised  to  nearly  the  roof 
level  and  the  flame  increases  in  length  it  shows  the  presence  of 
monoxide. 

Frank  K.  Chew  :  I  want  to  ask  about  the  natural  tendency  of 
air  in  a  mine  before  the  fan  is  started.  In  some  instances,  before 
fans  were  used,  mines  were  fairly  well  ventilated  as  a  result  of 
natural  draft. 

The  Author  :  I  touched  on  that  in  the  paper — it  is  due  to  the  dif- 
ference in  the  density  of  air  ouside  of  the  mine  and  the  warm  air 
inside.  Virtually  it  is  similar  to  the  draft  of  a  boiler  stack.  The 
warm  air  tends  to  ascend  and  the  cold  to  descend. 

Frank  K.  Chew:  Are  the  flues  or  the  position  of  the  fan  in  a 
mine  arranged  with  that  idea  in  view,  so  as  to  facilitate  the  ventila- 
tion? 

The  Author:  The  entries  are  not  arranged  principally  with  that 
idea  in  view,  but  to  get  out  the  coal  easily  and,  incidentally,  the  better 
the  gangways  as  regards  direction  and  area,  the  better  is  the  airpath 
and  the  better  the  ventilation. 


No.  490 

TOPICAL  DISCUSSION 

OPEN  WINDOW  VENTILATION  OF  SCHOOLS 


The  President:  This  subject  has  been  brought  to  our  attention 
several  times,  particularly  by  Dr.  Hill,  pointing  out  some  of  the 
proceedings  of  the  medical  societies,  and  addresses  before  some  of 
the  educational  associations,  persistently  advocating  out-door  schools 
and  open  window  ventilation.  There  was  a  time  some  years  ago 
when  they  were  justified  in  such  attacks.  There  were  no  drafts 
which  anybody  could  notice,  yet  school  children  were  nervous  and 
irritable,  got  throat  troubles;  also  nose,  ear  and  eye  troubles;  con- 
tagious diseases  spread  rapidly,  more  readily,  perhaps  than  they  did 
even  in  schools  which  were  not  so  well  ventilated.  Those  troubles 
have  been  largely  overcome,  due  to  the  more  advanced  development 
of  proper  air  conditioning. 

The  fact  of  the  matter  is  that  today,  due  to  the  investigations  made 
in  Chicago,  principally  by  the  Chicago  Commission  on  Ventilation, 
as  reported  by  Mr.  Davis,  we  have  a  better  idea  of  the  acceptable 
velocities  of  air  in  a  room,  of  the  value  of  humidity  and  clean  air 
than  heretofore.  Comparative  tests  made  in  school  buildings 
which  have  been  equipped,  with  others  which  were  not  equipped 
with  proper  air  conditioning  apparatus,  show  definitely  that  that  old 
complaint  can  be  entirely  eliminated  and  that  the  children  can  be  ke|)l 
in  a  perfect  state  of  health. 

Jas.  H.  Davis  :  I  think  the  Chicago  Commission  on  Ventilation 
will  have  some  information  to  publish  on  this  particular  subject. 
They  are  making  all  preparations  for  additional  experiments  during 
the  coming  heating  season.  They  already  have  some  data  on  the 
subject  wdiich  show  that  the  results  in  rooms  dependent  on  window 
ventilation  alone,  do  not  compare  favorably  with  mechanically  ven- 
tilated rooms  when  the  air  is  washed  and  humidification  is  provided. 

Frank  K.  Chew:  In  the  meeting  of  the  National  Warm  Air 
Ventilation  Association  Dr.  Hill  explained  his  synthetic  chart  and 
other  charts  and  compared  the  effect  in  well  ventilated  schools  with 
schools  having  the  open  window,  showing  little  was  gained  with 
windows   open.      His   chart   divided    factors   into   several   different 
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classes  including  the  need  for  ventilation  and  the  things  that  are 
objectionable  and  amongst  them  was  dust  and  then  odors,  etc. 
When  he  got  through  discussing  dust  and  odors  they  all  decided 
they  had  better  keep  the  windows  closed  and  have  a  proper  ventilat- 
ing system  to  eliminate  the  dust  menace  to  health,  and  also  to  prevent 
excessive  humidification. 

He  found  in  some  school  buildings  the  air  was  purer  from  both 
points  of  view,  than  it  was  at  some  street  corners  of  Chicago.  He 
also  showed  that  out  on  the  picnic  grounds  along  the  lake  where 
everything  was  free  from  the  influences  of  manufacturing  or  travel, 
the  air  was  no  better  than  that  provided  in  some  of  the  best  ventilat- 
ed buildings  in  Chicago. 

Perry  West  :  There  are  a  few  points  that  I  think  we  could  very 
well  discuss  here.  It  seems  to  me  that  Dr.  Hill  decided  this  question 
several  years  ago,  when  he  said  it  was  not  a  question  of  whether  we 
had  window  ventilation,  it  was  the  character  of  the  ventilation  that 
we  maintained,  and  that  where  it  came  from,  or  how  it  came,  was 
entirely  immaterial. 

Now  if  we  can  get  as  good  ventilation  by  means  of  the  open 
window  as  we  can  with  mechanical  ventilation,  it  is  undoubtedly 
the  height  of  folly  to  put  in  mechanical  ventilation  and  spend  the 
money  for  it ;  and  I  think  the  sooner  we  as  engineers  settle  this 
question,  not  for  ourselves  because  we  already  know — but  settle 
it  in  such  a  way  and  advocate  it  in  such  terms  that  the  public  and 
the  users  of  ventilation  can  be  made  to  understand,  the  better  it 
will  be  for  all.  We  cannot  get  results  with  ventilating  apparatus 
without  the  proper  co-operation  and  reactions  of  the  users  in  the 
operation  of  that  apparatus.  W^e  will  not  get  this  co-operation  and 
reaction  until  this  Society  properly  educates  the  public  along  definite 
lines. 

I  have  had  a  good  deal  of  experience  in  the  school  system  of 
Newark,  trying  to  get  results  with  ventilating  apparatus,  and  I  am 
free  to  say  that  we  are  not  getting  as  good  results  as  we  some  day 
hope  to.  I  feel  that  we  are  just  about  in  the  same  condition  as  other 
cities,  in  this  respect.  We  spend  about  $75,000  a  year  in  supply- 
ing and  conditioning  air  for  our  schools.  I  cannot  measure  ac- 
curately the  value  received  for  that  expenditure,  but  I  am  free  to 
say  that  it  is  not  much  over  50  per  cent  of  the  $75,000.  This  is 
primarily  due  to  a  lack  of  unity  of  purpose  between  the  users  and 
operators  of  the  apparatus,  brought  about  by  just  such  loose  state- 
ments as  are  frequently  given  out  by  our  own  different  experts  and 
commissions  working  on  this  subject. 
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It  is  high  time  that  we  as  engineers  stopped  that  kind  of  business. 
Such  work  as  this  is  a  subject  for  our  research  work;  we  should 
determine  what  is  right  and  proper  and  then  put  it  before  the  pubhc 
in  such  a  way  that  they  will  understand  it  and  give  their  co-operation. 

The  latest  bulletin  of  the  New  York  Board  of  Health  says  in  part : 

"In  the  closed  window  mechanicalh-  ventilated  type  of  classroom  kept 
at  a  temperature  of  about  G8  deg.  fahr.,  the  rate  of  absence  from  respiratory 
diseases  was  32  per  cent  higher  than  in  the  open  window  naturally  ventilated 
type  of  classroom  kept  at  the  same  temperature  (about  G8  deg.),  and  about 
40  per  cent  higher  than  in  the  open  window  naturally  ventilated  type  of 
classroom  kept  at  a  temperature  of  50  deg.   fahr." 

I  have  written  for  the  data  upon  which  this  is  based,  but  have 
not  as  yet  received  them.  Presumably  the  air  was  taken  in  from  the 
outside  and  used  without  conditioning  or  adding  moisture.  If  that 
is  true,  the  more  rapid  circulation  of  air  in  the  mechanically  ventilat- 
ed room  would  not  only  cause  a  lower  relative  humidity  on  account 
of  the  air  not  having  time  to  absorb  moisture  from  the  pupils,  but  it 
would  also  cause  a  greater  air  motion  ;  under  which  conditions  we 
would  naturally  expect  poorer  results  than  in  the  naturally  ventilated 
room.  In  other  words,  that  room  needed  moister  air  to  coordinate 
with  the  other  two  factors  which  we  well  l<now  go  to  make  up  the 
proper  condition  of  air,  that  is,  humidity  and  motion. 

Now  the  statement  goes  on  further  to  say  that : 

"Relative  humidity  of  classrooms,  whether  ventilated  by  natural  or 
mechanical  methods,  was  not  a  causative  factor  of  respiratory  diseases 
among  school  children." 

It  seems  to  me  that  if  this  statement  is  not  based  on  any  more 
definite  facts  than  the  first  statement,  then  it  is  not  only  worthless, 
but  most  misleading. 

I  have  a  communication  here  from  one  who  was  intimately  asso- 
ciated with  this  work,  and  as  it  is  a  personal  letter  I  do  not  feel  at 
liberty  to  give  the  name.  It  is  an  answer  to  a  letter  of  mine  asking 
the  following  questions : 

a.  "In  the  comparison  between  mechanically  ventilated  rooms  of  68  deg. 
and  open  window  rooms  at  the  same  temperature,  was  the  relative  hu- 
midity maintained  at  the  same  degree?" 

b.  "If  no  moisture  was  added  in  either  case,  what  was  the  actual  rela- 
tive humidity  in  the  two  types  of  rooms?" 

c.  "In  regard  to  the  conclusion  that  relative  humicHty  is  not  a  causative 
factor  of  respiratory  diseases  among  school  children,  just  how  was  this 
arrived  at?" 
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The  answers  to  those  questions  are  as  follows : 

"You  will  find  in  the  paper  the  answer  to  most  of  your  questions,  that 
is,  the  detailed  data  of  those  experiments.  Personally  I  am  inclined  to  attrib- 
ute the  incident  of  respiratory  disease  lessened  chiefly  to  this  factor  of  the 
lower  temperature  combined  with  the  pleasing,  stimulating  variability  of 
temperature  and  air  movement.  You  will  note  that  the  fan  ventilated  rooms 
were  a  trifle  warmer  than  the  window  ventilated  rooms.  Our  data  in  regard 
to  the  effect  of  relative  humidity  upon  the  respiratory  diseases  have  not  yet 
been  published.  We  made  an  extensive  study  extending  over  two  years 
in  which  we  compared  the  health  of  children  in  humidified  and  unhumidified 
schoolrooms,  and  found  no  difference  in  these  disease  incidents." 

A  good  deal  of  this  material  put  out  is  very  easily  misinterpreted, 
especially  by  laymen.  And  while  in  a  good  many  cases  they  are 
more  or  less  statements  of  facts,  if  you  take  into  consideration  all 
of  these  facts  in  their  proper  relation  to  other  circumstances  you 
will  find  that  the  interpretation  is  entirely  different  from  that  gotten 
by  considering  some  of  the  facts  apart  from  all  the  circumstances. 
I  think  that  this  is  a  very  important  subject  that  we  ought  to  get 
after  very  vigorously. 

J.  D.  Hoffman  :  It  is  interesting  to  stop  and  estimate  the  value 
of  a  printed  report  in  the  eyes  of  the  layman.  Down  where  I  live, 
I  hear  of  this  report  three  times  to  any  other  once.  It  is  quoted 
more  frequently  than  any  other  scientific  paper,  and  is  pointed  to 
by  very  many  as  conclusive  and  final.  I  am  not  prepared  to  say 
just  what  value  may  be  attached  to  it.  The  scientific  determinations 
were  probably  right,  but  I  believe  the  emphasis  has  been  misplaced 
and  the  mission  of  the  report  misinterpreted. 

W.  S.  TiMMis:  I  believe  that  we  will  have  to  study  psychology 
before  we  shall  solve  this  problem  and  not  only  psychology  but  some- 
thing back  of  psychology.  We  all  know  that  people  like  to 
have  a  window  open,  especially  when  there  is  any  air  movement, 
and  when  the  outside  temperature  is  not  too  low.  But  is  it  not 
something  perhaps  beyond  temperature  and  beyond  air  movement — 
some  condition  that  we  have  not  been  able  to  measure,  some  relief 
which  we  get  with  an  open  window  that  satisfies  the  body  as  well 
as  the  mind  ?    I  would  like  to  have  some  thought  given  to  that. 

Regarding  the  report  which  has  been  issued  by  the  New  York 
Dept.  of  Health,  it  is  unfortunate  that  the  American  Society  of 
Heating  and  Ventilating  Engineers  was  not  recognized  as  an  au- 
thority to  contribute  to  the  making  of  the  tests  because  it  is  not 
impossible  that  had  we  been  represented  in  the  tests  and  the  keeping 
of  the  records,  some  modification  of  the  data  might  have  been 
observed. 
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James  H.  Davis:  I  had  occasion  to  take  up  the  subject  of  open 
window  ventilation  as  compared  with  mechanical  ventilation  with 
the  Commissioner  and  the  Chief  Engineer  of  St.  Louis  Schools. 
They  have  some  schools  which  are  heated  with  direct  radiation  and 
they  use  window  ventilation,  and  the  other  regularly  designed  schools 
are  equipped  with  the  very  best  mechanical  ventilation  apparatus 
possible,  including  air  washers  and  humidifiers.  I  asked  the  question 
regarding  attendance  and  they  stated  that  the  attendance  in  the 
mechanically  ventilated  schools  was  very  much  better  than  in  the 
open  window  ventilated  schools.  I  expected  that  the  Chief  Engineer 
of  the  St.  Louis  Schools  would  be  here  at  this  meeting,  as  he  has 
gathered  some  data  on  it.  I  also  think  the  Chief  Engineer  of  Kansas 
City  Schools  has  gathered  some  data  on  the  same  subject. 

L.  A.  Harding:  In  the  last  two  years  we  have  had  occasion 
to  build  several  hospitals.  The  hospital  superintendents,  in  this  ter- 
ritory, at  least,  are  pretty  well  convinced  that  mechanical  ventilation 
is  not  the  thing. 

J.  D.  Hoffman  :  I  am  opposed  to  drawing  final  conclusions  in 
this  ventilation  business  from  tests  of  short  duration,  everybody 
knows  that  the  action  of  air  upon  the  human  body  is  a  very  slow 
process  and  no  amount  of  short  duration  tests  can  be  used  as  a 
fair  basis  for  formulating  a  general  law. 

Thos.  Chester:  As  the  average  wind  velocity  of  the  air  the 
year  around  is  about  1000  ft.  a  minute,  with  a  window  open  there  is  a 
draft  of  about  1000  ft.  a  minute.  The  skin  has  an  irregular  surface 
cind,  in  consequence  of  this,  a  film  of  moisture-laden  air  or  air 
charged  with  deleterious  substances  from  the  body  remains  in  contact 
with  the  skin  unless  broken  up  and  moved  away.  When  the  window 
is  open  and  the  body  has  almost  the  benefit  of  outside  air,  that 
film  is  blown  ofif  and  the  skin  has  a  chance  to  air  itself.  We 
breathe  through  our  skin,  not  to  the  same  extent  as  through  our 
lungs,  but  to  a  considerable  extent.  In  mechanically  ventilated 
buildings,  with  say  a  room  10  ft.  high,  we  think  we  are  doing  pretty 
well  if  we  arrange  an  air  change  every  10  minutes.  That  is  to 
say,  the  vertical  movement  over  the  whole  floor  area  would  be  about 
1  ft.  a  minute.  Compare  that  1  ft.  a  minute  with  1000  ft.  per 
minute ;  there  is  a  big  difference  in  moving  the  film  of  saturated 
air  away  from  the  skin.  So  what  we  want  to  do  is  not  only  to 
warm,  wash  and  condition  the  air  but  we  want  to  give  it  suitable 
motion,  by  the  use  of  auxiliary  apparatus,  creating  reasonable  air 
currents,  but  not  too  strong. 
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The  President  :  One  of  the  psychological  phases  of  this  ques- 
tion is  the  apparent  belief  that  when  an  air  washer  is  installed  in 
a  building  it  provides  everything  that  is  necessary.  But  this  is  not 
so,  by  any  means.  The  average  air  washer  does  not  humidify ; 
it  is  necessary  to  get  humidity  into  the  air  and  then  to  regulate 
the  air.  The  investigations  that  have  been  carried  on  in  Chicago 
show  conclusively  that  an  air  movement  which  is  more  than  150  ft. 
a  minute  is  not  required,  but  there  must  be  humidification  of  some 
kind.  Mr.  Chester  mentioned  the  film  of  moisture  coming  off  the 
skin ;  that  does  not  move  unless  there  is  air  movement,  and  there  is 
a  poison  in  it  which  takes  effect  if  it  is  not  carried  away. 

W.  S.  TiMMis :  In  order  that  people  can  be  healthy  in  the  winter- 
time it  is  necessary  that  they  rid  themselves  of  the  noxious  exhala- 
tions which  exude  from  the  body.  It  is  also  necessary  that  there  be 
a  differential  between  the  body  temperature  and  the  air  temperature 
surrounding  it.  The  body  heat  which  must  be  dissipated  externally 
is  regulated  largely  by  the  food  that  we  eat,  the  amount  of  calories 
we  consume.  This  differential  must,  in  order  that  we  may  be 
healthy,  be  larger  than  it  is  in  our  overheated  apartments,  office 
buildings  and  factories.  In  connection  with  open  window  ventila- 
tion I  am  rather  disposed  to  think  that  psychology  has  something 
back  of  it  in  that  there  are  strata  of  a  different  differential;  air 
which  comes  in  at  a  lower  temperature,  which  enables  our  bodies 
to  give  oft'  some  of  the  heat  or  some  of  the  exhalations,  makes  us 
comfortable  and  we  ask  for  the  open  window.  Possibly  the  answer 
to  the  psychology  of  the  open  window  is  lower  and  mixed  tem- 
peratures ;  stratification  of  temperatures  that  meet  the  body  and 
refresh  it. 

Thos.  Chester  :  The  human  system  is  very  adaptable.  We  can 
live  under  almost  any  conditions,  and  it  is  the  fittest  that  survive. 
We  have  all  conditions  of  living  in  the  different  countries  of  the 
world  and  it  would  not  be  sensible  to  cut  down  the  supply  of  fresh 
air  simply  because  in  some  countries  people  manage  to  exist  with 
bad  conditions  as  regards  ventilation,  any  more  than  to  say  that,  as 
the  Chinese  get  along  without  sewerage  in  a  large  number  of  their 
towns,  we  should  cut  out  all  expenditures  on  sewers  in  this  country. 


SYMPOSIUM  ON  DRYING 

No.  491 

ADDRESS  ON  DEHYDRATION 

By  H.  C.  Gore'.  Washington,  D.  C. 
Non- Member 

THE  immense  saving  in  freight  and  in  packing  costs  which 
would  be  effected  by  the  drying  of  vegetables  instead  of  can- 
ning them,  is  obvious.  I  am  going  to  merely  touch  upon  that 
point  here.  Mr.  Clemens  Horst,  of  California,  has  computed  that 
in  the  case  of  tomatoes,  the  saving  in  freight  is  99  per  cent.  Now 
tomatoes  can  be  dried  down  to  about  5  per  cent  of  their  original 
volume  and  shipped  in  that  form.  In  computing  the  freight-saving, 
Mr.  Horst  counts  the  freight  on  empty  cans  to  the  canning  factory, 
the  freight  on  the  lumber  used  in  making  box  shucks,  the  extra  space 
required  in  the  vacant  spaces  between  the  cans. 

At  the  Department,  we  have  felt  that  the  best  thing  we  could  do 
was  to  develop  the  research  end  of  the  work,  so  that  we  might  be 
in  a  position  to  give  you  the  kind  of  information  on  drying  which 
perhaps  you  can  not  easily  get  for  yourselves.  Our  laboratory  has 
worked  principally  on  two  phases  of  drying:  first,  on  the  proper 
moisture  content  of  the  finished  products,  and  second,  on  the  ef- 
fect of  the  drying  conditions  on  the  quality  of  the  material.  Our 
work  on  moisture  content  shows  that  vegetables  which  are  dried  raw 
should  be  dried  to  5  per  cent  moisture  or  less  and  then  kept  in  air- 
tight containers,  in  order  that  they  may  keep  satisfactorily. 

It  is  much  cheaper  to  dry  many  of  the  vegetables  in  a  raw  condi- 
tion. The  cabbage  dries  very  well  raw,  the  onions  are  a  splendid 
product  if  dried  raw.  So  are  turnips,  carrots  and  s]:)inach.  These 
products  change  on  keeping  unless  they  are  brought  to  the  proper 
moisture  content,  the  same  phenomenon  occurring  in  them  that  oc- 
curs in  many  other  dried  plant  products.  For  example,  hops  if  not 
dried  to  8  per  cent  moisture  or  below  w^ill  change  materially  in  a 
few  weeks.     In  the  production  of  vanilla  a  certain  moisture  con- 

>  Chremist    in    charge,     Fruit    and    Vegetable  Utilization     Laboratory,     U.     S.     Dept.     of 
Agriculture. 

Presented  at  tlie   Scmi-Annual    Meeting  of  The  American    Society  of   Heating   and 

Ventilating   Engineers,   Buffalo,    X.   Y.,  June,  1918. 
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tent  must  be  ])resent  in  order  for  the  aging  to  go  on.  The  aging 
or  curing  of  tobacco  is  another  example  of  changes  after  drying. 
In  tobacco  manufacture  the  moisture  must  not  be  so  high  that  the 
product  will  mould,  or  so  low  that  the  aging  changes  will  not 
be  effected  in  the  proper  manner. 

The  specimens  exhibited  show  four  of  the  more  important  vege- 
tables which  were  dried  to  different  amounts  of  moisture,  which  was 
determined  by  the  vacuum-drying  method.  These  changes  are  not  es- 
pecially conspicuous  with  turnip,  but  they  are  so  with  onion  and 
cabbage.  You  see  the  one  containing  liyz  per  cent  of  water,  in  the 
case  of  the  turnip,  has  changed  greatly,  becoming  brown,  while  the 
one  which  contains  5  per  cent  of  water  is  almost  unchanged ;  and 
the  cabbage,  containing  3^^  per  cent  of  water,  retains  its  beautiful 
bright  green,  while  the  other  samples  containing  5  per  cent  and 
11  per  cent  of  water  respectively  have  darkened.  The  same  general 
facts  are  true  of  the  onion  and  carrot. 

If  the  vegetables  are  cooked  before  drying  we  have  quite  another 
story;  because  in  that  event  the  life  processes  are  destroyed  by  the 
heating  and  we  no  longer  have  to  keep  them  as  dry  as  when  they 
are  dried  without  previous  heating.  A  moisture  content  of  10  per 
cent  seems  to  be  dry  enough  for  cooked  vegetables. 

The  second  phase  of  the  work  is  the  study  of  the  efifect  of 
the  conditions  in  the  dryer  on  the  vegetables.  In  drying  in  tlie 
laboratory,  we  get  varying  results,  difficult  to  explain  ;  at  time^  the 
vegetables  would  dry  splendidly,  but  we  would  try  to  repeat  and 
have  failures,  would  have  more  or  less  scorching,  and  both  the  flavor 
and  the  color  would  be  damaged  seriously.  So  we  realized  the 
necessity  of  carrying  on  a  series  of  systematic  experiments  on  the 
efifect  of  heat  on  these  drying  vegetables.  We  have  done  this 
work  and  have  it  here  before  you.  We  have  expressed  the  results 
of  that  work  in  the  form  of  charts  showing  the  effect  of  tempera- 
ture, time  and  humidity  on  the  quality  of  these  products.  (See 
P^igs.  1  and  2). 

The  vegetables  vary  enormously  in  the  extent  to  which  they  re- 
sist deterioration  from  overheating.  Onions  and  tomatoes  are  very 
sensitive  to  heat.  On  the  other  hand,  sweet  i)otatoes  will  stand 
relatively  high  temperatures  for  hours,  without  deteriorating. 
The  observations  tabulated  here  were  made  by  Lieut.  C.  E.  Mangels, 
Sanitary  Corps,  U.  S.  A.  and  Lieut.  G.  A.  Perkins,  now  of  Chemi- 
cal Service  Section,  U.  S.  A. 

A  third  phase  of  the  work  has  been  to  develop  a  type  dryer.  We 
would  like  to  define  this  dryer  as  a  general  purpose  dryer ;  that  is, 
an  equipment  in  which  the  whole  range  of  vegetables  and  possibly 
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fruits  can  be  dried  on  the  industrial  scale.  We  have  just  had  an 
opportunity  of  putting  in  a  dryer  of  this  kind  at  the  state  prison 
at  Jackson,  Mich.,  and  Prof.  Cross  and  I  have  just  come  from 
that  work.  Fig.  3  gives  a  diagrammatic  view  of  the  dryer.  It  is  50 
ft.  long  and  consists  of  a  series  of  fifteen  compartments,  each  3  ft. 
wide,  -1  ft.  deep  and  5  ft.  high.  Figs.  4  and  5  show  details  of  one 
of  the  compartments  and  of  a  tray.  The  air  passes  through 
at  a  rate  of  from  500  to  350  ft.  a  minute,  depending  on  whether  the 
compartment  is  full  of  trays  or  empty.  Of  course  if  it  is  full  of 
trays  the  air  movement  is  much  faster.  The  resistance  with  the 
dryer  full  of  trays  is  about  1  in.,  as  shown  by  manometer.  We 
have  not  had  an  opportunity  yet  to  try  a  dryer  full  of  material. 
We  had  it  nearly  half  full  Monday  and  found  a  temperature  gradient 
of  about  20  deg.  It  was  half  full  of  peas  and  potatoes.  Prof. 
Cross  had  in  two  compartments  full  of  trays  loaded  with  sliced 
potatoes  and  I  had  in  some  peas.  The  temperature  at  the  hot  end 
was  about  117  deg.  fahr. 

The  cost  of  the  dryer,  exclusive  of  the  blower,  fan  and  heating 
coils  is  $566.23.  That  is  the  actual  cost  for  a  fifteen  compartment 
dryer  installed  at  Jackson.  It  is  made  of  a  wooden  framework, 
with  galvanized  exterior.  We  did  not  !eel  it  necessary  to  insulate 
it  in  view  of  the  fact  that  the  temperature  we  were  using  was 
so  low,  about  120  deg. 

This  dryer  works  well  on  potatoes  and  peas,  and  doubtless  on 
other  kinds  of  vegetables.  We  were  fortunate  in  getting  all  but 
o'ne  of  the  standard  cannery  grades  of  peas.  This  is  the  next  to 
the  smallest  size  canned,  called  extra  sifted. 

We  have  a  few  samples  of  dried  potatoes  that  Prof.  Cross  will 
show  you. 

DISCUSSION 

L.  J.  Cross  :  We  know  very  little  about  drying  potatoes  and  I 
do  not  think  there  is  any  one  who  does  know.  The  problem  we  are 
struggling  with  in  the  drying  of  potatoes  is  first  the  form.  They 
have  been  dried  in  slices,  and  I  think  that  form  is  unsatisfactory, 
as  the  slices  stick  together.  If  we  cook  a  potato  enough,  cook  it 
properly  so  as  to  make  a  good  product  that  has  a  good  comeback — 
and  of  course  that  is  the  final  test  of  any  of  these  products — the 
slices  stick  very  close  together  and  it  is  difficult  to  keep  them  apart 
and  get  them  off  the  tray  when  dried.  We  have  to  spread  them 
very  thin  in  order  to  get  the  air  through  them  and  around  them, 
and  that  cuts  down  the  capacity. 
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One  of  the  best  forms,  probably,  of  drying  potatoes  is  the  cube 
or  the  half  cube ;  the  Yi  in.  cube  and  the  half  cube,  y2  hy  y2  hy  % 
in.,  work  very  well.  As  to  any  of  the  other  forms  with  which 
I  have  had  experience,  I  cannot  »ay  that  I  am  at  all  satisfied. 

We  do  not  know  very  much  about  the  temperatures  to  be  used 
in  drying  potatoes.  If  we  use  a  high  temperature  the  outside  coat 
becomes  hardened  and  it  is  difficult  for  the  inside  to  dry  out  and  we 
have  case-hardening.  And  if  the  temperature  is  low,  then  the 
material  passes  into  a  soggy  condition  that  dries  very  slowly.  These 
potatoes  of  which  we  have  samples  here,  are  from  a  lot  that  was 
served  as  hash-browned  potatoes  at  the  warden's  table  by  a  French 
chef  and  I  can  say  that  they  were  edible.  They  were  good,  really 
good,  but  we  were  not  yet  satisfied. 


f\  Cf} 


FIG.  4.  DETAILS  OF  TRAYS  USED  IX  THE  GENERAL  PURPOSE  DRIER. 


A  good  deal  of  work  must  be  done  in  finding  out  how  to  cook  the 
material  properly  after  we  think  we  have  made  a  good  product 
and  to  get  the  cook  to  cook  it  properly.  We  have  been  spreading  our 
efforts,  trying  to  be  able  to  dry  everything,  and  we  do  not  seem  to 
reach  anywhere  near  perfection. 

N.  OwiTZ  :  What  was  the  drying  time  of  the  peas  and  potatoes 
with  the  Jackson  installation  ? 

Mr.  Gore  :  The  drying  time  for  the  potatoes  was  6  hours  in  the 
cases  where  there  was  no  overlapping,  or  very  little  overlapping. 
But  where  overlapping  occurred  it  was  about  twice  as  long,  because 
they  seemed  to  seal  up  and  stay  moist  for  a  long  time.  Of  course 
the  product  can  be  stirred  and  taken  apart,  but  even  then  it  was 
much  longer  than  if  there  had  been  no  overlapping. 
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DETAILS  OF  ONE  OF  THE  COMPARTMENTS  OF  THE  GENERAL 
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The  peas  varied  with  the  heat.  The  No.  2  peas  dried  very 
quickly,  perhaps  in  4  hours ;  the  No.  3  peas  dried  more  slowly  pos- 
sibly in  6  hours ;  the  No.  -i  peas  dried  much  slower — I  would  not 
undertake  to  say  how  long,  but  notably  longer  than  the  No.  3  peas ; 
it  took  the  No.  5  peas  over  18  hours  to  dry  completely — we  put 
them  in  about  6  P.M.  at  night  and  took  them  out  about  10  A.M. 
the  next  morning.  They  went  practically  all  night  through,  al- 
though the  motor  overheated  and  we  had  to  stop  for  a  while ;  but 
at  10  A.  M.  they  were  not  done  and  we  let  them  go  till  about 
1.30  P.M. 

N.  OwiTZ :  Were  the  locations  of  the  trays  changed,  that  is, 
if  a  tray  was  placed  at  the  top  for  say  the  first  5  or  6  hours,  was 
it  then  removed  from  there  and  placed  in  another  position  in  the 
drier? 

Mr.  Gore:  No  sir;  the  high  velocity  of  the  air  currents  fortu- 
nately planes  out  any  inequalities.  Ths  movement  of  the  air  at  the 
top  and  bottom  of  the  drier  was  nearly  the  same,  and  it  was  also 
the  same  in  the  center.  That  seems  to  be  one  of  the  chief  merits 
of  the  rapid  air  movement,  that  is,  the  planing  out  of  such  inequali- 
ties. If  we  had  stopped  down  the  air  movenient  we  would  doubtless 
have  gotten  lack  of  uniformity. 

N.  Owitz  :    Was  the  cost  of  steam  or  heat  computed? 

Mr.  Gore  :    The  steam  economy  was  doubtless  under  50  per  cent. 

James  H.  Davis:  If  that  dryer  had  been  built  a  pretty  full 
length  would  the  same  result  have  been  obtained  with  the  weights? 

Mr.  Gore  :  We  have  not  yet  secured  information  of  that  kind. 
As  far  as  one  could  tell  from  appearances  the  whole  four  com- 
partments of  peas  dried  alike.  But  we  do  not  know  that  the  ef- 
fective length  of  the  dryer  depends  on  the  rate  of  air  increment 
and  tray  arrangement.  We  do  not  kngw  the  best  efifective  length 
of  the  dryer. 

James  H.  Davis  :  In  drying  potatoes  does  not  the  type  of  pota- 
toes make  some  difference?  An  early  potato  is  firm  and  hard,  but 
later  in  the  season  it  is  mealy  and  quite  diiTerent. 

Mr.  Gore:  Prof.  Cross  indicated  pretty  generally  how  little  we 
know  about  potatoes.  We  do  know,  however,  that  there  is  a 
difference  between  old  and  new  potatoes.  Just  before  he  left  Prof. 
Cross  and  I  tried  four  .sacks  of  new  potatoes.  They  dried  wonder- 
fully well ;  there  was  none  of  the  slight  discoloration  that  is  obtained 
with   old    potatoes.      New    potatoes    contain    somewhat    less    solid 
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matter,  especially  southern  stock.     But  we  do  not  know  the   full 
answer  to  that  question. 

James  H.  Davis:     How  thick  were  the  slices? 

Mr.  Gore  :    We  use  34  in.  and  }i  in.  slices. 

James  H.  Davis:     What  difference  was  found  in  the  drying? 

Mr.  Gore  :  The  ys  in.  slices  dried  much  faster.  But  there  again, 
if  they  are  cut  in  cube  and  half  cube  form,  they  will  dry  very  much 
faster  than  in  slices,  because  they  will  lose  moisture  from  the 
outside  edge  all  around,  and  will  not  overlap.  About  4  hours 
is  the  minimum  for  squares  cut  ^  in.  thick,  ^  in.  square,  to  dry. 

N.  OwiTZ :  In  regard  to  your  statement  that  some  vegetables 
can  and  should  be  dried  down  to  5  per  cent  moisture  content, 
so  that  they  will  keep  indefinitely,  don't  you  find  that  some  of  them, 
after  being  taken  out  of  the  dryer,  are  hygroscopic,  that  is,  are  so 
dry  that  they  will  take  up  five  or  six  per  cent  more  moisture? 

Mr.  Gore:  It  simply  means  that  they  must  be  packed  tightly, 
put  in  a  tin  can  or  container  that  is  airtight,  or  stored  under  such 
conditions  that  they  are  free  from  moisture. 

N.  OwiTZ :  Don't  you  think  it  will  be  quite  a  task  to  store  food 
which  is  hygroscopic  to  prevent  it  from  taking  up  moisture  ? 

Mr.  Gore  :  On  a  small  scale  it  is  easy  to  do  it.  We  do  not 
anticipate  any  more  difficulty,  commercially,  especially  when  a 
large  volume  is  handled.  I  understand  that  dextrine  is  ordinarily 
roasted  down  to  1  per  cent  moisture,  and  when  packed  in  barrels 
it  absorbs  moisture  very  slowly. 

N.  OwiTZ  :  May  I  ask  if  anything  has  been  done  by  the  De- 
partment of  Agriculture  in  vacuum  drying  as  compared  with  hot  air 
drying? 

Mr.  Gore  :  A  few  experiments  were  made  with  a  shelf  dryer 
before  the   war.  We  got  an   excellent  product  by  vacuum  drying 

of  bananas. 

The  President:  Mr.  N.  Owitz,  of  the  J.  P.  Devine  Com- 
pany, Buffalo,  N.  Y.,  who  make  a  specialty  of  drying  apparatus, 
has  a  lot  of  samples  of  dried  products  here  and  it  will  be  in- 
teresting to  us  to  hear  something  concerning  vacuum  drying. 

N.  OwiTZ :  We  have  dried  fruits  and  vegetables  of  almost  every 
description  in  vacuum  driers.  We  have  dried  peas  and  our  sample 
is  absolutely  free  from  discoloration.  This  sample  of  peas  dried  in 
the  hot  air  dryer  is  slightly  discolored.     We  have  dried  sliced  pota- 
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toes  in  vacuum,  as  well  as  shredded  and  cubed  potatoes,  and  they  are 
absolutely  free  from  discoloration.  The  samples  are  very  pleasing 
to  the  eye,  and  that  is  one  of  the  essential  factors  in  the  drying  of 
fruits  and  vegetables.  The  housewives  do  not  want  a  vegetable 
that  has  been  dehydrated  which  is  dark  looking  or  has  any  spots  on 
it ;  they  become  skeptical  and  say  they  would  prefer  to  use  fresh 
vegetables,  even  though  the  price  is  higher  than  dried  vegetables. 

The  experiments  we  have  run  were  not  only  on  the  basis  of  ex- 
periment or  research,  but  on  a  commercial  basis.  We  have  been 
able  to  get,  without  exception,  samples  that  are  absolutely  free 
from  any  burning,  charring  or  discoloration.  These  samples  (re- 
ferring to  a  lot  of  samples  of  fruits  and  vegetables  that  had  been 
dried  in  the  Devine  vacuum  dryers)  represent  samples  from  an 
installation  made  by  the  J.  P.  Devine  Co.,  here  in  Bufifalo.  These 
are  not  picked  samples,  but  are  just  as  they  come  out  of  the  vacuum 
dryer.  The  shredded  potatoes  make  excellent  Julienne  potatoes. 
We  have  also  dried  cubed  potatoes.  The  product  is  good  to  look 
at,  and  also  is  readily  converted  into  mashed  potatoes  or  hash- 
browned  potatoes. 

I  have  here  a  sample  of  soup  mixture,  which  is  nothing  else 
but  what  is  ordinarily  thrown  away.  It  is  the  tops  of  celery,  onions, 
peas,  turnips,  parsnips,  etc.,  and  you  can  smell  in  this  every  bit  of 
the  original  aroma  of  the  vegetables.  There  is  nothing  lost.  After 
soaking  for  a  given  number  of  hours — some  of  these  will  require 
2  to  3  hours  soaking  and  some  more — the  vegetable  will  go  back 
to  its  original  shape  and  form,  the  same  color  and  the  same  taste 
and  aroma.  We  have  taken  beets,  sliced  them  like  we  do  potatoes, 
or  cut  them  in  halves  and  quarters,  and  dried  them  so  they  would 
be  as  brittle  or  as  hard  as  a  stone.  We  would  then  soak  them  in 
water  and  get  them  back  in  such  shape  that  upon  cutting  they  would 
bleed  exactly  like  a  fresh  beet.  That  is  indeed  a  severe  test,  I 
think. 

I  have  also  here  parsley,  yellow  turnips,  green  string  beans,  shred- 
ded parsnips,  and  steamed  carrots  and  onions.  Onions  can  be  dried 
in  vacuum  without  any  discoloration  or  burning  or  charring;  the 
volatile  oils  that  are  in  onions  are  not  disturbed.  If  onions  are 
subjected  to  a  high  temperature,  it  will  volatilize  some  of  the  oils  of 
the  onions,  and  lose  the  smell ;  in  vacuum  drying  none  is  lost. 

We  have  samples  here  of  asparagus,  just  dried  two  or  three  days 
ago.  They  are  dry,  low  in  moisture  content,  and  after  soaking  about 
— say  over  night — they  take  absolutely  the  original  shape,  form,  color 
and  smell.  There  is  nothing  lost.  The  only  thing  we  take  out  in 
the  vacuum  is  the  water. 
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That  is  possible  for  the  reason  that  if  water  is  boiled  in  the  at- 
mosphere the  boiling  point  is  312  deg.  fahr.,  while  the  idea  of 
vacuum  is  to  boil  at  a  low  temperature  and  reduce  the  boiling  point 
of  water  in  the  material.  In  a  27  in.  vacuum  water  will  boil  at 
115  deg.  fahr. ;  in  a  28  in.  vacuum,  at  101  deg. ;  in  a  29  in.  vacuum,  at 
79  deg. ;  in  a  29^4  in.  vacuum,  at  57  deg.  We  do  all  of  our  drying 
between  28  and  29^/^  in.  vacuum.  That  means  a  range  of  between 
55  and  101  deg.  fahr.  We  do  not  go  over  that  temperature,  so 
we  cannot  burn,  we  cannot  char,  we  cannot  discolor. 

There  is  no  difficulty  in  getting  a  29^/2  in.  vacuum.  That  is 
done  all  the  time,  biit  a  28  in.  vacuum  usually  is  a  commercial 
proposition,  as  it  is  an  easier  vacuum  to  maintain.  We  have  figured 
up  in  a  commercial  way  that  vacuum  drying  is  absolutely  a  com- 
mercial proposition. 

At  the  beginning  we  thought  that  vacuum  drying  would  not  be 
a  commercial  proposition  on  account  of  its  seeming  prohibitive  first 
cost,  as  vacuum  dryers  cost  a  large  amount  of  money.  But  it 
costs  a  lot  of  money  only  at  first  glance.  If  we  take  a  hot  air 
dryer  like  that  Prof.  Gore  outlined,  which  he  said  cost  $566  for  the 
compartments,  I  dare  say  when  they  got  the  installation  com- 
pleted it  cost  $1,000.  I  think  it  would  not  be  stretching  it.  The 
capacity  of  that  dryer  would  be  around  one  and  one-fourth  tons, 
wet.  Now,  I  have  made  a  comparison  of  an  apparatus  that  is 
capable  of  taking  care  of  5  tons  per  24  hours.  That  would  mean, 
four  times  that  dryer  capacity  which  would  be  $4,000  for  the  in- 
stallation to  take  care  of  five  tons. 

Now  we  figured  that  the  vacuum  dryer  to  take  care  of  5  tons 
per  24  hours  would  cost  approximately  about  $4,500  complete ; 
I  might  say  $5,000  completely  installed  and  ready  for  operation. 
That  is  the  complete  installation.  While  that  $5000  seems  high  in 
price,  it  will  be  found  that  a  vacuum  dryer  of  this  size  will  take  up 
approximately  one-sixth  or  one-eighth  of  the  space  that  the  hot  air 
dryer  will  take  up.  You  must  figure  a  given  charge  that  your  fac- 
tory space  is  worth,  and  this  must  be  borne  in  mind. 

Furthermore,  we  know  from  actual  experience  in  connection  with 
hot  air  dryers,  that  the  most  efficient  type  requires  a  minimum  of 
3  lb.  of  steam  per  pound  of  water  evaporated  (it  will  generally 
figure  nearer  to  5  lb.  of  steam  per  pound  of  water)  and  an  effi- 
ciency of  33  1-3  per  cent  is  obtained.  With  the  vacuum  dryer  we 
get  a  minimum  of  50  per  cent  efficiency ;  we  evaporate  1  lb.  of 
water  with  2  lb.  of  steam.  If  then  we  count  300  working  days  to 
the  year,  and  multiply  the  difference  in  steam  changed  into  coal, 
we  will  be  astounded  to  see  that  the  first  cost  of  the  vacuum  dryer 
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will  pay  for  itself  in  the  saving  of  floor  space,  in  the  saving 
of  steam  and  in  the  saving  of  labor  required.  One  man  per  shift  can 
handle  5  tons  of  potatoes  in  a  vacuum  dryer  per  day  of  24  hours 
with  two  shifts,  whereas  I  think  the  air  dryer  with  the  same 
capacity  will  take  four  men,  on  account  of  the  tremendous  amount 
of  trays  and  the  amount  of  care  required  and  the  like. 

We  were  astonished  ourselves  that  vacuum  drying  proved  to  be 
a  very  commercial  proposition.  It  really  gives  a  product  that  is 
free  from  discoloration,  burning  or  charring,  which  is  an  essential 
feature.  I  cannot  be  too  forceful  on  that  thing,  because  where 
the  product  is  sold  for  food  it  must  please  the  eye.  That  is 
absolutely  essential  in  connection  with  a  food  product. 

We  have  dried  raspberries  and  strawberries.  I  have  samples  of 
raspberries  here  that  came  out  of  the  vacuum  dryer  yesterday,  and 
I  have  also  a  sample  of  raspberries  that  was  dried  in  August,  1917; 
there  is  absolutely  none  of  the  smell  lost.  We  do  not  lose  anything 
except  the  actual  water  that  is  in  the  product.  The  same  is  true 
with  the  strawberry,  although  strawberries  are  difficult  to  dry.  They 
are  high  in  sugar  content,  and  the  sugar  will  caramelize  if  the  temper- 
ature in  the  dryer  reaches  too  high  a  point.  In  hot  air  dryers  they 
are  liable  to  reach  that  dangerous  temperature,  but  in  the  vacuum 
dryer  they  are  free  from  it.  The  temperature  determined  by  the 
degree  of  vacuum  automatically  fixes  the  temperature  that  the 
berries  or  vegetables  will  be  subjected  to. 

It  should  be  understood,  however,  that  the  plants  I  have  brought 
to  your  attention,  have  not  only  been  given  to  fruit  and  vegetables, 
but  other  products.  I  have  here  samples  of  soluble  cofTee,  for 
the  manufacture  of  which  we  built  an  entire  plant,  of  postum  and 
a  soluble  milk,  dried  milk,  and  a  diversity  of  baby  foods,  all  dried 
by  vacuum.  The  application  of  vacuum  drying  is  very,  very  broad, 
and  insures  a  finished  product  that  is  uniform.  In  air  driers,  how- 
ever, there  is  no  assurance  of  a  uniform  product ;  there  may  be 
a  high  relative  humidity  or  a  low  relative  humidity.  Vacuum 
knows  no  humidity,  and  we  have  absolutely  the  same  conditions 
existing  in  the  vacuum  dryer  no  matter  where  it  is  located. 

B.  S.  Harrison  :  I  want  also  to  take  exception  to  the  state- 
ment concerning  discoloration.  I  have  here  a  sample  of  potatoes 
dried  in  an  air  dryer,  where  we  have  only  begun  to  turn  out  samples, 
and  this  is  just  as  it  came  from  the  trays.  I  do  not  think  that 
discoloration  is  necessary  in  drying,  and  while  we  have  not  got 
to  the  point  where  we  know  it  all,  we  have  found  out  some  things 
since  we  started  to  dry.     I  have  here  samples  of  onions ;  I  do  not 
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consider  that  they  are  discolored  any  more  than  the  potatoes.  Also 
here  are  some  carrots. 

It  is  a  fact  that  if  we  try  to  dry  with  air  without  controlling  the 
condition  of  the  air,  that  we  are  going  to  have  discoloration,  and 
we  are  not  going  to  get  a  uniform  result.  If  we  use  an  air  dryer 
properly  designed  and  have  control  of  the  volume  of  air  entering, 
of  the  temperature  of  the  entering  air,  of  the  temperature  drop 
through  the  dryer,  of  the  relative  humidity  through  the  dryer  at 
the  different  stages,  and  of  the  final  temperature,  we  can  obtain 
a  uniform  product. 

In  regard  to  the  cost  of  operation,  I  am  not  prepared  to  say  just 
now  exactly  what  it  costs  us  per  ton,  but  I  do  know  that  it  costs 
less  than  has  been  stated  here.  If  I  had  expected  to  address  the 
meeting  I  should  have  had  some  more  samples  and  come  a  little 
better  prepared,  which  I  hope  to  do  the  next  time.. 

J.  I.  Lyle  :  Mr.  President,  did  Mr.  Owitz  make  the  statement 
that  all  powdered  milk  is  dried  by  the  vacuum  system  ? 

N.  OwiTZ :  No ;  I  said  a  great  deal  of  it  is  dried  by  the  vacuum 
method. 

J.  I.  Lyle  :  I  believe  the  greater  part  of  powdered  milk  is  dried  by 
what  is  called  the  Merrill-Soule  spray  process.  The  Merrill-Soule 
process  is  a  process  of  spraying  into  a  current  of  warm  air  in  such 
a  method  that  the  evaporation  is  instantaneous ;  and  while  the  tem- 
perature carried  by  the  air,  that  is,  the  temperature  of  the  air  used, 
is  somewhat  higher  than  they  use  in  vacuum  dryers,  due  to  the  rapid 
evaporation  and  to  the  separation  of  the  particles  so  completely,  and 
giving  such  an  immense  surface  for  evaporation,  the  evaporation 
keeps  the  product  cool.  For  instance,  I  think  I  am  correct  in  stating 
that  the  evaporating  of  buttermilk  without  injury  is  only 
possible  at  or  below  138  deg.  Still  we  can  dry  buttermilk  in  an 
apparent  temperature  of  160  deg.,  and  then  put  it  back  and  find  that 
the  bacteria  are  still  alive  and  have  not  been  injured  by  the  160  deg. 
temperature. 

The  same  thing  is  true  of  products  dried  in  this  way,  that  Mr. 
Owitz  speaks  of  in  the  vacuum  drying ;  that  is,  they  go  back  into 
perfect  solution. 

N.  OwiTZ :  Isn't  it  true  that  with  your  spray  drying,  it  is 
necessary  to  separate  your  product  into  very  fine,  minute  globules, 
that  is,  to  adjust  the  jets  so  that  this  spray  into  the  current  of  hot 
air  will  deliver  the  globules  so  small  that  it  will  allow  for  instan- 
taneous evaporation  and  drying? 

J.  I.  Lyle:    Yes. 
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N.  OwiTZ :  That  is  the  objection  to  air  drying,  as  we  find  it. 
Air  drying  is  good  for  certain  commodities,  just  as  vacuum  drying 
is  essential  to  other  commodities.  It  all  depends  upon  the  product 
that  must  result.  With  air  drying,  by  breaking  up  the  liquor  into 
fine,  minute  atoms  or  globules  and  spraying  into  the  hot  air  with 
the  resultant  dried  product  dropping  down  in  the  bottom  of  the 
chamber,  you  will  obtain  a  product  that  is  not  uniform.  The  result 
will  be  a  product  that  is  very  rich  in  dust ;  in  fact,  so  dusty  that  a 
great  many  of  the  installations  of  air  dryers  are  equipped  with  a 
series  of  dust  catchers  to  prevent  choking,  and  catch  a  great  deal 
of  the  dust  that  would  ordinarily  go  back  to  atmosphere  and  perhaps 
be  lost. 

In  vacuum  drying  that  is  not  so.  We  secure  an  absolute  uniform 
finished  product,  because  the  conditions  are  controlled  in  the  vac- 
uum; the  conditions  are  always  the  same.  You  do  not  have  to 
break  the  liquid  up  into  minute  particles.  We  have  the  revolving 
drum,  according  to  the  product,  dipping  into  a  trough  into  the  solu- 
tion. In  one  revolution  the  drum  is  spread  with  a  thin  film  of  this 
liquor  and  in  that  one  revolution  all  the  moisture  is  evaporated, 
leaving  a  dry  material  on  the  drum.  At  the  end  there  is  a  knife 
which  scrapes  it  off.  The  same  things  happen  all  the  time,  insuring 
a  uniform  finished  product. 

J.  I.  Lyle  :  Some  of  us  in  the  drying  business  would  not  think 
it  is  much  of  a  problem  to  remove  the  dust.  I  think  it  is  such  an 
infinitesimal,  small  per  cent  of  dust  that  would  ever  get  there  that 
you  would  get  much  more  dust  in  handling  the  material  otherwise. 
Then  as  for  the  uniformity,  I  cannot  see  the  argument  there. 
Spray  drying  is  used  only  for  liquids.  It  is  very  easy  to  get  a 
uniformity  of  liquids  by  stirring.  In  spraying  and  breaking  it  up 
into  small  globules  you  do  not  break  up  one  part  of  it  without  the 
other,  and  we  get  an  absolute  uniformity.  The  point  is  that  we  can 
take  milk,  for  instance,  and  put  it  in  a  Merrill-Soule  drier  and  get 
a  very  much  better  absorption  than  can  be  gotten  in  a  vacuum 
drier. 

B.  S.  Harrison  :  Do  I  understand  that  Mr.  Owitz  used  a  drum 
and  a  knife  in  the  milk  drying  process? 

N.  Owitz  :     In  drying  milk  we  use  a  drum  dryer. 

B.  S.  Harrison  :  I  have  seen  a  number  of  such  plants  and  never 
seen  one  where  there  was  not  some  fouling  of  milk  on  the  drum, 
and  a  portion  of  the  milk  left  there. 

N.  Owitz  :  If  that  existed,  we  could  not  dry  milk  in  vacuum,  for 
the  reason  that  if  the  knife  did  not  scrape  all  the  dried-up  product 
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from  the  drum,  it  would  mean  that  some  of  the  dried  product  would 
remain  on  the  hot  drum  that  would  instantly  burn  or  char  and  dis- 
color.    That  is  absolutely  taken  off. 

All  the  milk  that  is  dried  in  the  country  is  dried  by  either  one  of 
two  methods ;  that  is,  by  the  IMerrill-Soule  spray  system,  or  by  the 
vacuum  drum  dryer.  There  are  a  good  many  installations  of  the 
spray  type,  but  there  are  also  a  great  many  installations  of  the  drum 
proposition.  The  products  made  by  them  must  be  good  products, 
as  all  the  companies  in  the  dried  milk  business  are  absolutely  sold 
up  to  the  maximum.  In  fact,  I  know  of  a  contract  that  has  recently 
been  placed  by  the  Quartermaster's  Department  with  a  milk  con- 
cern for  3,000,000  lb.  of  milk,  up  to  the  first  of  this  year.  That 
will  give  some  idea  of  the  tremendous  amount  of  powdered  milk 
required. 

The  object  of  the  drying  is  to  get  a  finished,  uniform  product, 
either  by  the  spray  or  vacuum  dryer.  We  eliminate  the  moisture 
and  are  able  to  pack  a  barrel  of  potatoes  in  a  relatively  small  pack- 
age, and  thus  save  a  tremendous  amount  of  shipping  space.  That  is 
why  this  proposition  at  the  present  time  has  been  given  such  para- 
mount attention. 

H.  C.  Gore  :  One  thing  came  out  that  I  would  like  to  call  to 
your  attention,  which  I  think  would  interest  designers  of  driers ; 
that  is,  the  fact  shown  in  Fig.  1,  which  I  think  is  new,  of  the  effect 
of  humidity  in  the  drier  in  accelerating  the  deterioration  from 
overheating.  The  men  who  did  the  work  noticed  this  effect  and 
proved  definitely  the  fact  that  the  higher  the  humidity,  in 
case  of  many  products,  the  more  quickly  does  deterioration  occur 
after  drying.  The  dotted  line  on  those  curves  shows  deterioration 
under  conditions  of  high  humidity. 

On  cabbage  and  carrots  and  celery — not  with  onions — with  pota- 
toes and  sweet  corn,  tomatoes  and  turnips,  we  got  this  quicker 
deterioration  with  a  higher  humidity. 

B.  S.  Harrison  :  Those  are  not  variations  of  humidity  in  the 
application  of  the  dryer,  but  they  are  varying  degrees  of  humidity 
after  the  drying  has  first  been  applied,  are  they  not  ? 

Mr.  Gore  :  Yes,  that  is,  it  means  work  with  the  finished  product, 
after  it  had  been  subjected  to  the  drying.  We  then  ran  the  dryer 
at  constant  humidity  and  constant  temperature. 
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FOOD  DRYERS  AND  THE  USE  OF  SCHOOL 
HOUSES   FOR   DRYING 

By  W.  L.  Fleisher,  New  York,  N.  Y. 
Member 

ABOUT  the  drying  of  our  perishable  fruit  and  vegetables 
there  has  been  too  much  talk  and  too  little  action,  and  it  is 
needless  to  state  that  action,  and  immediate  action,  is  abso- 
lutely imperative  for  the  conservation  and  preservation  of  the  coming 
(1918)  season's  crops.  In  February  of  this  year  Senator  Gore 
introduced  a  bill  into  the  Senate  asking  for  $2,000,000  for  this  pur- 
pose, and  this  was  attached  to  the  Agricultural  bill,  but  cut  to 
$500,000,  and  if  it  goes  through,  as  it  is  likely  to  do,  there  are  no 
definite  plans  even  now  for  its  application  and  use. 

It  is  with  the  purpose  of  speeding  and  directing  action  and  bring 
ing  to  bear  our  experience  and  knowledge  and  training,  that  I,  at 
the  risk  of  repeating  a  great  deal  that  has  already  been  said,  am 
writing  this  paper,  so  that  the  engineers  may  realize  their  oppor- 
tunity. 

The  drying  of  foods  is  such  an  old  method  of  preserving  them 
that  one  can  not  go  back  to  the  time  when  it  wasn't  practiced.  But 
the  natural  process  is  so  slow  and  dependent  to  such  an  extent  on 
the  weather  and  other  conditions,  such  as  relative  humidity,  etc., 
that  it  is  hopeless  to  depend  on  it  for  the  preservation  of  our  food 
in  the  quantities  to  take  care  of  our  present  needs. 

The  demand  for  a  certain  definite  quantity  of  material  in  a  definite 
period  of  time  created  the  necessity  for  industrial  dryers.  Our 
superabundance  of  food  formerly  made  it  unprofitable  to  spend  much 
time  or  money  on  food  dryers,  but  our  ideas  of  waste,  irrespective 
of  necessity  or  demand,  have  undergone  great  changes  in  the  last 
four  years.  Today  we  are  learning  that  waste  is  an  economic  mis- 
take  and   that  conservation   is   one  of   the   essentials   of   economic 
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Ventilating  Engineers,  Buffalo,  N.  Y.,  June,   1918. 
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progress.  Knowing  this,  we  can  consistently  go  into  food  drying 
with  the  feeling  that  even  after  the  war  has  eliminated  the  imme- 
diate necessity  of  food  conservation,  the  ideas  of  waste  elimination 
will  have  been  so  firmly  embedded  in  our  economic  system,  that  food 
conservation  by  means  of  drying  or  dehydration  will  be  an  established 
principle. 

Dehydrated  foods  have  not  been  popular,  although  they  have 
been  known  and  used  for  a  long  time.  In  fact,  in  1898,  the  Navy 
used  dehydrated  foods  on  a  trip  from  these  Eastern  waters  to  San 
Francisco,  and  although  it  is  reported  that  the  food  itself  was  pala- 
table, the  sailors  would  not  touch  it,  and  the  prejudice  that  they 
spread  had  an  influence  all  over  the  country.  But  today  this  food 
is  so  well  prepared  and  its  use  is  becoming  so  generally  known  that 
the  education  of  the  people  to  its  use  will  have  been  accomplished 
soon,  and  the  demand  for  it  will  make  it  well  worth  while  to 
produce  it. 

Although  the  Patent  Office  contains  about  5000  patents  covering 
food  drying  and  dryers,  the  science  has  only  been  slightly  developed 
commercially  up  to  this  time,  being,  I  believe,  prevented  or  retarded 
by  several  fundamental  misconceptions. 

First :  The  lack  of  a  commercial  oi!tlet  for  the  product.  The 
canners  of  the  country  have  put  every  obstacle  in  the  way  of  popu- 
larizing dehydrated  foods,  because  they  were  equipped  entirely  for 
canning  and  felt  that  dried  foods  would  hurt  their  business.  Of 
course,  they  were  short-sighted  in  this  matter,  because  they  could 
easily  have  become  the  leaders  in  this  movement  and  could  have 
made  considerably  more  money  from  dehydrated  foods  than  from 
the  so-called  canned  food,  as  the  cost  of  dried  food,  ready  for  the 
consumer,  is  very  much  less  than  the  cost  of  canned  food. 

Second :  The  layman  and  to  a  certain  extent  the  engineer  has  felt 
that  the  drying  of  foods  was  a  very  complicated  process,  and  that 
mechanical  dryers  for  drying  foods  were  all  patented  articles  which 
could  only  be  purchased  from  a  certain  favorite  few.  who  charged 
exorbitant  prices ;  and  that  to  make  or  design  food  dryers  was  only 
inviting  patent  litigation. 

Now  as  to  the  first  misconception  :  the  Government  and  a  few  indi- 
viduals, feeling  the  necessity  for  the  saving  of  our  perishable  vege- 
tables of  w'hich  it  has  been  variously  estimated  that  10  to  50  per 
cent  are  wasted,  have  familiarized  the  public  with  the  advantage,  the 
necessity,  and  the  ease  of  dehydrating.  Consequently,  w^hereas  in 
1916  practically  nobody  appreciated  dehydrated  vegetables,  today 
there  is  an  ever-growing  numljer  who  do.  It  is  a  well-known  fact 
that  all  vegetables  contain  from  To  to  95  per  cent  of  water  and  it  is 
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undoubtedly  well  known  how  much  less  space  they  take  up  and  how 
much  lighter  they  are  when  dried,  and  consequently,  how  much 
easier  they  are  to  transport — not  only  to  people  in  this  country,  but  to 
our  troops  abroad  who  must  be  fed  on  this  type  of  food. 

To  relieve  the  minds  of  the  public  as  to  the  food  values  of 
dehydrated  food,  I  can  say  that  from  experiments  that  have  been 
made  in  our  laboratories,  and  from  experiments  made  by  the  Depart- 
ment of  Agriculture,  it  has  been  demonstrated  that  none  of  the 
valuable  products  in  the  raw  fruits  or  vegetables  is  destroyed  or 
eliminated  by  dehydration,  and  that  the  dehydrated  article  contains 
as  much  food  value  as  the  fresh.  In  Appendix  I  is  given  a  list  of 
various  food  products  showing  their  chemical  analysis,  both  fresh  and 
dried,  and  with  the  calorie  values  in  both.  This  list  was  prepared 
by  the  Department  of  Agriculture  for  its  own  use,  and  is  published 
with  its  permission. 

As  to  the  second  misconception  that  has  retarded  the  development 
of  dehydration,  the  fact  is  that  the  drying  of  foods  is  a  very  simple 
process  and  anyone  with  a  little  care  and  a  little  practice  can  ac- 
complish it.  The  preparation  of  the  food,  which  is  by  far  the  most 
difificult  part  of  dehydration,  is  in  no  way  dissimilar  from  the  pre- 
paring of  the  food  for  canning  or  preserving,  and  this  has  never 
deterred  the  public  in  the  past.  After  the  food  has  been  prepared, 
the  drying  itself  is  quite  as  simple  as  cooking  in  an  oven,  or  prepar- 
ing food  in  any  other  way.  To  my  mind,  it  is  actually  simpler  than 
oven  or  stove  preparation  of  food  for  the  table.  In  one  of  the  bul- 
letins of  the  Department  of  Agriculture,  Dr.  Gore  mentions  a 
simple  method  of  dehydration  for  home  use,  using  a  series  of  \vire 
trays  suspended  over  a  source  of  heat.  I  find  that  a  dryer  as  good  as 
that  described  in  the  Department  bulletin  was  patented  in  1877,  so 
it  can  readily  be  seen  that  the  simple  types  have  been  very  well 
known  for  over  forty  years.  Fig.  1  is  a  reproduction  of  this  dryer 
taken  from  Patent  No.  190,368  of  the  U.  S.  Patent  Office. 

Around  the  same  time  that  this  simple  dryer  was  patented,  there 
were  quite  a  number  of  patents  taken  out  or  applied  for,  for  more 
complicated  dryers,  where  a  fan  was  used  to  drive  heated  air  (the 
air  heated  by  means  of  steam  coils),  over  wire  mesh  trays,  arranged 
in  an  infinite  number  of  ways,  and  the  temperature  controlled,  usually 
by  hand,  at  the  proper  point. 

In  1871  an  application  for  a  patent  was  filed  in  the  U.  S.  Patent 
Office  covering  "an  improvement  in  the  process  and  apparatus  for 
drying  and  preserving  animal  and  vegetable  substances."  In  Fig.  2 
is  shown  a  reproduction  of  this  dryer  which  is  not  dissimilar  from  a 
great  number  of  dryers  which  are  being  made  today  and  put  on  tha 
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market  as  great  inventions  and  improvements.     I  quote  below  what 
this  patent  attempted  to  accomplish  and  probably  did : 

"This  invention  consists,  substantially,  in  the  application  to  substances 
treated,  of  an  air-blast  characterized  by  certain  degrees  or  stages  of  hu- 
midity, temperature  and  force,  so  adapted  as  to  effect  simultaneously  the 
following  results : 

"First,  chemically:  An  artificial  maturing  of  the  amylaceous  contents  of 
the  material  treated  to  saccharine  matter,  so  far  as  practicable,  together 
with  a  fixation  or  chemical  binding  of  as  much  moisture  as  possible  in  the 
condition  known  to  chemists  as  hydrate,  in  which  it  can  be  no  longer  an 
agent  of  fermentation  or  decay. 

"Second,  mechanically:  The  evaporation  of  the  water  not  chemically  fixed 
as  hydrate  with  a  rapidly  accelerated  warm  and  humid  blast  in  such  a 
peculiar  manner  as  to  exhaust  the  water  simultaneously  and  equally  from  all 
parts  of  the  material  treated  without  impairing  the  texture  and  other  prop- 
erties of  the  material  by  undue  heat  or  by  parching  dryness  of  air;  without 
driving  ofif  the  fixed  water,  essence,  and  aroma ;  without  reducing  amyla- 
ceous or  saccharine  ingredients  to  gum  or  caramel ;  and  without  incrusting  or 
hardening  the  material  to  the  condition  described  by  the  terms  'dried'  or 
'desiccated.' 

"Third,  economically:  A  product  proof  against  decay  or  change;  enhanced 
in  ripeness,  sweetness,  richness,  and  solubility ;  characterized  by  its  natural 
structure,  color,  and  fresh  aroma ;  and  by  virtue  of  the  fixed  moisture  or 
hydrate  occupying  its  pores,  incapable  of  being,  on  the  one  hand,  penetrated 
and  injured,  as  dried  substances  are,  by  the  moisture  of  damp  weather  or 
damp  places  or  climates,  or,  on  the  other  hand,  of  being  reduced  in  a  dry 
atmosphere  to  a  parched  and  brittle  consistency,  excepting  in  the  case  of 
substances,  such  as  esculents,  replete  with  amylaceous  or  silicious  matter, 
which  necessarily  assume  a  brittle  consistency  when  exhausted  of  free 
moisture." 

I  believe  that  the  only  real  improvements  that  have  been  made  in 
the  last  few  years  in  food  dryers  have  been,  first,  the  re-circulation 
of  the  air ;  that  is,  after  the  air  has  been  used  in  the  dryer,  instead 
of  being  exhausted  at  the  far  end,  when  it  has  only  taken  up  a  part 
of  the  moisture  content  that  it  could  hold,  it  is  re-circulated, 
with  a  great  saving  of  fuel  and  a  better  product  due  to  the  absence 
of  too  rapid  surface  absorption  (most  of  the  modern  dryers  that 
are  economical  and  that  show  anywhere  near  a  50  per  cent  efificiency, 
are  now  re-circulating  about  80  per  cent  of  the  air)  ;  and  second, 
methods  of  deflecting  the  air  in  the  dryers  to  get  better  contact 
with  the  materials  that  are  to  be  dried. 

I  want  to  mention  here  one  of  the  latest  machines  for  which  a 
patent  has  been  granted.  This  machine,  patented  by  a  Chicago  con- 
cern, has  been  sedulously  shrouded  in  mystery.  The  process  is 
called  new  and  the  product  is  reputed  to  be  better  than  anything 
ever  before  produced.    I  refer  anyone  to  Patent  No.  1,22R,283  of  the 
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U.  S.  Patent  Office  wliich  Patent  I  have  studied  very  carefully  and 
can  find  nothing  new  in  it. 

It  is  true  that  the  food  turned  out  by  this  concern  is  exceptionally 
good,  simply  because  those  having  charge  know  how  to  prepare 
and  dry  food  and  not,  in  my  mind,  because  their  machine  is  a  great 
advance. 

It  is  an  interesting  fact  that  last  year,  about  April  or  May,  when  I 
became  interested  in  this  subject  and  tried  to  find  some  literature  on 
it,  I  was  absolutely  unsuccessful  in  finding  any,  except  in  a  magazine 
published  by  the  dried  apple  interests  called  the  Evaporator,  and  in 
some  pamphlets  on  apple  and  prune  drying.  When  I  went  to  the 
library  just  lately  to  look  up  this  matter  further,  I  found  as  many 
as  15  magazine  articles  a  month  on  the  question  of  dryers  and  dried 
food  products,  and  quite  a  number  of  pamphlets  by  the  Department 
of  Agriculture.  And  whereas  patents  on  improvements  in  drying 
of  food  products  were  averaging  six  or  eight  a  year  up  to  1916,  the 
monthly  bulletin  of  the  Patent  Office  today  shows  from  two  to  ten 
a  month. 

In  Appendix  II  I  have  inserted  a  partial  bibliography  of  drying 
and  dryers  collected  from  a  number  of  sources.  I  mention  particu- 
larly T.  G.  Marlowe  on  Drying  Machinery  and  Practice,  because 
in  this  book  is  probably  the  largest  bibliography  of  the  work  done 
up  to  1910.  This  bibliography  is  interesting  as  showing  how  little 
literature  there  really  was  on  perishable  food  drying  up  to  that  time. 

Now,  when  we  are  beginning  to  feel  the  pinch  of  a  restricted  diet 
and  a  restricted  quantity,  which  must  necessarily  become  more 
acute  from  day  to  day,  there  is  almost  an  hysteria  over  the  preserva- 
tion of  food  and  the  drying  of  products  to  be  shipped  to  our  armies, 
as  well  as  for  domestic  consumption.  From  my  personal  experience, 
I  know  that  our  Emergency  Fleet  which  is  to  remedy  the  difficulty 
of  transporting  troops  and  foods  to  Europe,  is  still  far  from  a 
state  of  completion,  and  we  are  going  to  need  every  available  prac- 
tical means  at  our  disposal  to  economize  the  space  required  to 
transport  the  necessary  products  to  our  overseas  armies.  This  is 
going  to  become  increasingly  difficult  and  important  as  months  go 
by,  due  of  course,  to  our  increased  overseas  army. 

Now  what  is  the  immediate  practical  remedy? 

Can  it  be  realized  that  in  our  Ne-u'  York  City  schools  alone  there 
is  actual  apparatus  sufficient  to  dry  enough  food  to  feed  2,000,000 
jiien,  three  meals  a  day,  every  day  that  this  apparatus  is  run?  And 
yet  the  Government  and  individuals  are  making  frantic  attempts 
to  build  drying  equipments  of  such  small  size  and  capacity  that  the 
total  number  contemplated  would  not  take  care  of  one-tenth  of  our 
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needs  abroad  without  taking  into  consideration  at  all  the  question 
of  conserving  our  excess  products  in  America.  There  are  a  few 
large  commercial  installations  in  the  West  and  a  few  in  Canada,  but 
the  Canadian  plants  are  taking  care  of  only  part  of  the  requirements 
of  the  Canadian  troops,  and  we  are  likely  to  have  five  times  as  many 
troops  in  Europe  as  they  have,  before  another  year  is  past. 

Also  is  the  number  of  fans,  and  heaters,  motors  and  boilers,  that 
it  would  require  to  set  up  apparatus  sufficient  to  dry  all  of  the 
products  that  we  are  going  to  have  to  preserve  and  ship,  properly 
understood?  All  who  have  had  any  experience  in  trying  to  obtain 
equipment  of  this  kind,  know  the  difficulty  of  obtaining  the  apparatus 
necessary  to  do  the  work  required  and  that  it  probably  could  not 
be  obtained  under  any  condition.  In  other  words,  to  take  care  of 
our  requirements  for  this  year,  our  dehydrating  plants  should  have 
been  started  at  least  last  year. 

When  I  realized  this  condition  last  spring,  that  is,  that  it  was 
impossible  to  obtain  nezv  apparatus  required  to  do  this  work  in 
time  to  take  care  of  last  summer's  products,  I  made  a  suggestion 
based  on  experiments  that  I  had  made  and  on  what  I  had  seen 
and  read  of  the  drying  of  perishable  foodstulTs  by  others,  that  fans, 
heaters,  boilers  and  the  trays  or  kilns  and 'tunnels  in  which  to  place 
the  food  products,  were  really  the  only  things  required  for  this 
work,  and  that  nothing  new,  strange  or  miusual  had  to  be  de- 
veloped. The  trays  and  kilns  could  be  made  of  wood  and  in  very 
simple  ways,  and  were  therefore,  easy  to  obtain,  but  the  rest  of  the 
apparatus  was  almost  impossible  to  obtain  in  time,  and  the  co'st 
was  almost  prohibitive.  But,  I  also  claimed  that  in  our  newer 
schools  and  in  our  public  buildings  throughout  the  country,  those 
things  that  were  required  for  the  drying  of  these  products  were 
already  at  hand,  and  that  the  zvalls  of  the  rooms,  or  the  corridors 
in  these  buildings,  eliminated  the  necessity  of  a  great  part  of  the 
kilns  themselves,  and  that  with  very  little  ingenuity,  the  heating  and 
ventilating  systems  in  our  schools  and  public  buildings  could  be 
turned  into  dehydrating  plants  in  very  quick  order ;  further,  I 
claimed  that  these  plants  would  take  care  of  our  needs  in  a  feasible 
and  economical  way  and  in  the  quantities  I  have  mentioned. 

In  order  to  give  some  rough  idea  of  what  is  necessary  in  the  way 
of  mechanical  apparatus  to  dry  fruits  and  vegetables,  I  will  sum 
up  as  follows : 

From  our  experiments  and  from  the  experiments  of  a  great  many 
other  people,  it  has  been  learned  that  a  cubic  foot  of  air,  if  brought 
into  fairly  good  contact  with  the  products  to  be  dried  and  if  main- 
tained at  a  proper  temperature  between  130  and  160  deg.,  would  take 
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FIG.  5.     VIEW  OF  DRYINC,  TRAYS  LOADED  ON  TRUCKS  FOR  PLACING  IN 
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up  over  the  period  of  drying  from  one  to  three  grains  of  moisture 
each  cubic  foot  of  air.  To  cover  every  condition,  let  us  assume  that 
it  z>.'ill  require  1  cu.  ft.  of  heated  air  to  absorb  1  gr.  of  moisture,  and 
then  see  what  our  school  systems  in  New  York  City  offer  in  the  way 
of  drying  possibilities. 

There  are  about  700  schools  in  Greater  New  York,  of  which  half 
have  efficient  ventilating  equipments.  These  schools  having  efficient 
ventilating  equipment,  will  accommodate  about  350,000  children,  for 
each  of  whom  30  cu.  ft.  of  air  per  minute  has  been  provided  in  this 
ventilating  equipment,  with  the  necessary  heating  apparatus  to  take 
care  of  this  quantity  of  air.  That  means  10,500,000  cu.  ft.  of  air 
per  minute  in  these  350  schools,  that  can  be  heated  to  the  right  tem- 
perature to  accomplish  vegetable  drying. 

If  we  assume  1  gr.  of  moisture  absorbed  per  cubic  foot  of  air 
per  minute,  these  systems  will  absorb  10,500,000  gr.  of  moisture  per 
minute,  which  divided  by  7000,  the  number  of  grains  in  a  pound, 
gives  1500  lb.  of  water  absorbed  which  is  equivalent  to  the  drying 
of  2000  lb.,  or  one  ton,  of  wet  vegetables  per  minute  in  our  New 
York  schools  alone.  This  would  give  about  500  lb.  of  dried  material 
a  minute  or  300,000  lb.  of  dried  material  per  working  day  of  10  hrs. 
It  has  been  stated  by  some  of  the  commercial  interests  that  one  pound 
of  dried  soup  greens  would  make  about  eighty  plates  of  soup.  There- 
fore, in  accordance  with  the  commercial  literature  on  the  subject, 
our  300,000  lb.  of  dried  material  would  make  24,000,000  plates  of 
soup,  which  is  equivalent  to  the  total  amount  of  food  per  day  for 
2,000,000  men. 

Now  as  to  the  actual  application  of  my  idea  ;  in  most  of  our  schools, 
the  blowers  are  located  in  the  basements  and  the  main  ducts  leading 
from  these  blowers  are  run  through  the  corridors  of  the  basements 
to  the  various  uptakes.  It  is  my  idea  that  these  basement  corridors 
could  be  turned  into  tunnel  dryers  by  means  of  wooden  partitions,  or 
where  the  corridors  are  narrow  enough,  only  cut-offs  and  divisions 
would  be  essential.  The  heated  air  could  then  be  blown  into  one 
end  of  the  corridors  and  the  duct  blanked  off  with  a  damper  beyond 
this  outlet.  At  the  far  end  of  the  corridor  or  tunnel,  another  damper 
could  be  placed  and  an  inlet  located  at  this  point,  with  a  connection 
taken  from  a  point  beyond  the  first  damper  back  into  the  fan  so 
that  recirculation  from  the  far  end  of  the  tunnel  could  be  obtained. 
In  this  way,  we  would  create  a  very  fair  tunnel  dryer,  which  accord- 
ing to  commercial  practice,  is  the  very  best  and  most  economical 
dryer  built. 

I  would  have  the  carriers  or  trays  built  now  by  the  boys  of  our 
manual  training  schools,  supplemented  by  outside  labor,  and  would 
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have  both  our  boys  and  girls  instructed  in  the  preparation  of  the  food 
and  the  operation  of  drying.  Then  I  would  have  the  Government 
arrange  to  ship  to  the  school  dryers  the  food  to  be  dried,  and  all 
the  process  necessary*  for  the  completion  of  the  food  for  shipment 
could  be  carried  on  at  the  schools.  The  school  dryers  could  also  be 
used  for  drying  the  surplus  domestic  product,  that  the  communities 
could  bring  to  the  school. 

To  answer  the  great  criticism  that  may  be  made,  that  New  York 
is  not  a  food  producing  or  growing  center  and  that  to  bring  food 
to  be  dried  to  New  York  is  defeating  one  of  the  objects  we  set  out 
to  accomplish,  decreasing  transportation,  I  would  say  that  I  have 
selected  New  York  schools  only  as  an  example.  The  same  methods 
and  apparatus  in  any  other  cities  could  be  used,  as  the  systems  in 
the  larger  cities  of  producing  States  such  as  Pennsylvania,  Ohio, 
Indiana,  etc. 

What  I  have  desired  to  bring  out  is  that  we  have  no  ex- 
cuses for  not  drying  all  the  foodstuffs  we  need  for  export  or  for 
domestic  conservation ;  that  under  any  conditions,  the  use  of  the 
apparatus  we  have,  which  is  used  for  its  specific  purposes  only  six 
or  seven  months  in  the  year,  is  economical,  costing  to  prepare  for 
this  purpose  only  one-fifth  of  new  plants ;  and  that  over  and  above 
all  this,  we  have  this  apparatus  in  sufficient  quantities  to  do  the  work 
nozv  and  we  cannot  get  nezv  apparatus  in  time  for  our  present  needs. 

I  have  mentioned  in  this  article  only  the  use  of  the  school  systems, 
but  I  offer  as  a  further  suggestion,  that  most  of  our  State  and 
Federal  buildings  have  systems  that  could  equally  well  be  utilized, 
and  that  an  endless  number  of  industrial  plants  has  blast  systems 
of  heating  and  would  gladly  put  these  systems  at  the  disposal  of 
the  communities  or  the  Government  during  the  summer  months, 
and  that,  further,  our  big  hotels  in  particular,  with  their  elaborate 
ventilating  systems  and  their  preparing  apparatus,  would  make  ideal 
dehydration  plants. 

In  conclusion,  I  would  urge  that  no  one  be  frightened  into  not 
proceeding  with  this  necessary  and  really  great  work  because  of 
the  difficulties  that  some  will  try  to  frighten  with,  or  because  of 
worry  about  patents,  and  above  all,  that  the  apparatus  we  have  be 
used,  instead  of  any  attempt  to  purchase  new  apparatus. 

I  would  say  that  my  suggestion  is  given  freely  to  all  for  use  as 
deemed  best  and  also  with  the  idea  of  stimulating  everyone  in  the 
use  of  his  knowledge  and  imagination  to  the  furthering  of  this  very 
vital  subject,  and  also  with  the  idea  that  whatever  is  done  by  us 
now,  with  the  hope  of  bettering  our  war-time  needs,  will  react  greatly 
to  our  benefit  in  times  of  peace. 
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APPENDIX  I 

CHEMICAL  COMPOSITION  OF  FRESH  AND  DRIED 

\'EGETABLES 


The  figures  for  fresh  vegetables,   and   the  starred  dried  vegetables,  were  taken  from 

Office   of   Experiment    Station    Bulletin   No.    28,    Revised    Edition.  A   moisture   content    of 
10  per  cent  was  assumed  for  the  dried  vegetables,  and  the  composition  calculated  from  the 

composition   of   the   fresh    material.      Ten  per   cent   will    probably    represent   the    maximum 
moisture  content  of  the  dried  products. 

Coiiit^utcd  by  Lieut.  C.  E.  Mangels,  Sanitary  Corps 

Per 

Per  Per      Per  Cent  Per  Per  Fuel     Ratio 

Cent  Cent    Cent  Total  Cent  Cent  Value  of  Fuel 

Vegetables                                    Water  Protein  Fat  Carbon  Fibre  Ash  per  Lb.  Value 

Beets,   fresh,   edible   portion..  87.5  1.6    0.1  9.7  0.9  1.1  215     1:7.2 

Beets,   dried    10.0  11.5    0.7  69.8  6.5  7.9  1547 

Cabbage,  fresh,  edible  portion  91.5  1.6    0.3  5.6  1.1  1.0  145     1  :10.6 

Cabbage,    dried    10.0  16.9    3.2  59.3  11.6  10.6  1536 

Carrots,  fresh,  edible  portion.  88.2  1.1    0.4  9.3  1.1  1.0  210    1:7.6 

Carrots,    dried    10.0  8.4    3.1  71.0  8.4  7.6  1602 

Cauliflower,  fresh,  edible  por.  92.3  1.8    0.5  4.7  1.0  0.7  140     1:11.7 

Cauliflower,    dried    10.0  21.0    3.8  54.9  11.7  8.2  1637 

Celery,  fresh,  edible  portion.  .  94.5  1.1     0.1  3.3  ...  1.0  85     1:15.2 

Celery,    dried 10.0  18.0     1.6  54.0  ...  16.4  1391 

Corn,  green,  edible  portion...   75.4  3.1     1.1  19.7  0.5  0.7  470     1:3.7 

Corn,  dried   10.0  11.3    4.0  72.1  1.8  2.6  1720 

Cucumbers,    edible    portion...  95.4  0.8    0.2  3.1  0.7  0.5  80     1:19.5 

Cucumbers,  dried    .  .'. 10.0  15.6    3.9  60.6  13.6  9.8  1563 

Eggplant,   fresh,  edible  por...  92.9  1.2    0.3  5.1  0.8  0.5  130     1:12.7 

Eggplant,    dried    10.0  15.2    3,8  64.6  10.1  6.3  1647 

Lettuce,   fresh,   edible  portion  94.7  1.2    0.3  2.9  0.7  0.9  90    1 :17.0 

Lettuce,    dried    10.0  20.4    5.1  49.2  11.9  15.3  1528 

Okra,    fresh,    edible   portion..  90.2  1.6    0.2  7.4  3.4  0.6  175     1:9.2 

Okra,    dried    10.0  14.7     1.8  67.9  31.2  5.5  1607 

Onions,   fresh,  edible  portion.  87.6  1.6    0.3  9.9  0.8  0.6  225     1:  7.3 

Onions,    dried     10.0  11.6    2.2  71.9  5.8  4,4  1634 

Parsnips,    fresh,    edible    por..  83.0  1.6    0.5  13.5  2.5  1.4  300     1:5.3 

Parsnips,   dried    10.0  8.5    2.6  71.4  13.2  7.4  1587 

*Peas,   dried  as   purchased...     9.5  24.6    1.0  62.0  4.5  2.9  1655 

Peas,   green,    edible    portion..   74.6  7.0    0.5  16.9  1.7  1.0  465     1  :  3.5 

Peas,    dried 10.0  24.8    1.8  59.8  6.0  3.5  1646 

Potatoes,  fresh,  edible  portion  78.3  2.2    0.1  18.4  0.4  1.0  85     1  :  4.1 

Potatoes,   dried    10.0  9.1     0.4  76.4  1.7  4.2  1598 

♦Potatoes,  evaporated,  as  pur.     7.1  8.5    0.4  80.9  ...  3.1  1680 

Pumpkins,    fresh,   edible  por..  93.1  1.0    0.1  5.2  1.2  0.6  120     1:13.0 

Pumpkins,    dried    10.0  13.0     1.3  67.8  15.6  7.8  1565 

Rhubarb,  fresh,  edible  portion  94.4  0.6    0.7  3.6  1.1  0.7  105     1  :16.1 

Rhubarb,   dried    10.0  9.6  11.2  57.9  17.7  11.2  1687 

Radishes,   fresh,  edible  por...  91.8  1.3    0.1  5.8  0.7  1.0  135     1:11.0 

Radishes,   dried    10.0  14.3     1.1  63.7  7.7  11.0  1482 
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Per 
Cent 
Vegetables  Water 

Spinach,   fresh,  as   purchased.  92.3 

Spinach,    dried     10.0 

Squash,   fresh,  cdilile  portion.   88.3 

Squash,    dried     10.0 

Sweet  Potatoes,  fresh,  ed.  por.  69.0 

Sweet  Potatoes,  dried 10.0 

Tomatoes,    fresh,    as    pur. . . .  94.3 

Tomatoes,    dried    10.0 

Turnips,   fresh,  edil)]e   portion  89.6 
Turnips,   dried    10.0 


Per 
Per  Per  Cent 
Cent  Cent  Total 
Protein  Fat  Carbon 

2.1     0.3 


24.5 
1.4 

10.8 
1.8 


3.2 
37.4 

9.0 
69.2 
27.4 


3.5 
0.5 
3.8 
0.7 

5.22  2.03  79.5 

01.9    0.4      3.9 

14.2    6.3    61.6 

1.3    0.2      8.1 

11.2     1.7    70.1 


Per 
Cent 
Fibre 

0.9 
10.5 
0.8 
6.2 
1.3 
3.8 
0.6 
9.5 
1.3 
11.2 


Per 

Cent 
Ash 

2.1 
24.5 

0.8 

6.2 

1.1 

3.2 
0.5 
7.9 
0.8 
6.9 


Fuel     Ratio 
Value  of  Fuel 
per  Lb.   Value 

110     1:11.7 
1286 

215 
1653 

570 
1653 

105 
1658 

185 
1600 


1:  11 


1:15.8 


1:  8.7 


OTHER  PRODUCTS  FOR  COMPARISON.— (O.  E.  S.  Bui.  28,  Rev.) 


Sugar,  granulated    100.0 

Butter,  as  purchased    11.0 

Lard,    refined    

Peanut    butter    2.1 

Chocolate    5.9 

Wheat  flour    11.9 

Corn    meal,    granulated    12.5 

Beef    loin,    porterhouse  steak, 
edible    portion     60.0    21.9  20.4 


1860 


1.0  85.0 

3.0 

3605 

. . .  100.0 

4220 

29.3  46.5 

17.1 

5.0 

2825 

12.9  48.7 

30.3 

2860 

13.3  1.5 

ni 

0.7 

0.6 

1665 

9.2  1.9 

75.4 

1.0 

1.0 

1655 

1.0     1270 
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DISCUSSION 

The  Author  :  There  is  one  point  that  I  want  to  bring  out  par- 
ticularly in  connection  with  the  practical  drying  of  food  in  quantities 
in  the  United  States,  and  the  information  that  I  desire  to  transmit  to 
you  was  obtained  from  Mr.  McCarter  of  the  Food  Administration, 
who  has  had  practical  charge  of  the  food  drying  equipment 
and  the  products  therefrom  for  the  Food  Administration. 

The  actual  placing  of  orders  is  in  charge  of  Col.  Grove,  of  the 
Quartermaster's  Dep't.  Mr.  McCarter  states  that  five  definite  con- 
tracts for  dry  food  had  been  placed  at  this  time  by  the  Quarter- 
master's Dep't,  a  total  of  about  12,000,000  lb.,  of  which  about 
8,000,000  lb.  was  to  be  dried  potatoes  and  4,000,000  lb.  mixed 
vegetables.  Of  this  order  800,000  lb.  was  given  to  a  company 
formed  by  Benz,  who  is  building  a  new  type  of  rotary  dryer  for 
the  purpose  of  filling  his  order.  His  deliveries  were  to  begin  a 
month  ago,  but  at  this  date,  he  has  not  delivered  any  yet  and  accord- 
ing to  Mr.  McCarter's  statement  to  me,  there  is  grave  doubt  whether 
he  will  be  able  to  deliver  his  product  because  his  apparatus  is  not 
yet  completed  and  because  the  current  that  was  essential  for  the 
driving  of  his  apparatus  could  not  be  obtained,  even  though  the 
Government  was  furnishing  the  current  itself. 
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The  second  contract  was  given  to  a  concern  of  which  Hogle, 
of  "Radiant  Heat"  fame,  was  the  leading  spirit.  This  company 
has  not  even  been  able  to  finance  its  contract  yet  and  consequently 
has  not  even  started  to  build  its  apparatus. 

The  third  contract  was  given  to  Wittenburg  King,  of  \'ancouver. 
He  is  drying  the  potatoes  in  an  old  tunnel  system  that  he  already 
had  and  that  had  been  used  for  other  purposes.  The  product  that 
he  is  producing  is  fair  though  not  particularly  good,  but  it  is  usable 
and  is  being  produced. 

The  fourth  contract  was  given  to  a  man  named  Pitcher  and  he  is 
drying  in  an  old  Graham  dryer.  His  process  is  a  process  of  shredding 
and  cooking  and  drying. 

The  fifth  contract  was  given  to  Horst  of  California  who  is  using 
as  old  hop  kiln  that  he  owned  in  California.  He  is  probably  de- 
livering the  largest  quantity  and  the  best  product  of  any  of  the  five. 
All  five  of  these  contracts  will  not  provide  nearly  enough  to  meet 
the  limited  demands  of  the  Government  at  the  present  time,  and 
these  demands  are  for  a  very  much  smaller  Army  than  will  have 
to  be  taken  care  of. 

But  the  one  thing  that  I  want  to  call  your  attention  to,  which 
confirms  the  facts  in  my  article  is  this — that  of  the  five  contracts 
let,  the  only  people  who  are  delivering  the  finished  products  are 
people  who  are  using  apparatus  already  in  existence  and  made  over 
for  the  new  purpose.  I  think  this  emphasizes  more  clearly  than  any- 
thing that  I  might  argue  on  the  subject  the  need  of  utilizing  existing 
apparatus  for  the  production  of  our  dried  products,  if  we  want 
to  make  satisfactory  deliveries  within  the  time  essential  to  the  de- 
livery. 

W.  S.  TiMMis :  I  would  like  to  ask  what  are  the  means  for  de- 
termining the  moisture  content ;  are  there  simple  means  in  this  work 
for  determining  the  moisture  content  ? 

N.  OwiTZ  :  It  is  very  simple  to  determine  the  moisture  content 
of  materials  by  the  application  of  a  little  vacuum  system.  There  is 
a  little  vacuum  drying  chamber  outfit  which  is  made  exactly  like  the 
large  commercial  unit,  where  the  material  can  be  put  on  the  regular 
pan  or  tray  and  laid  on  the  steam  heated  shelf  of  the  dryer,  and 
when  the  vacuum  is  created  reducing  the  boiling  point,  the  moisture 
is  driven  oflf.  The  product  is  weighed  when  it  goes  into  the  dryer 
and  then  when  it  comes  out,  and  the  difiference  in  weight  represents 
the  amount  of  moisture  driven  oflf.  If  desired  we  can  even  go  so 
far  as  to  catch  the  condensate ;  the  water  evaporated  goes  over  into 
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a  little  surface  condenser  and  is  caught  in  a  little  reservoir  and  that 
can  be  kept  and  weighed  so  as  to  have  an  absolute  check  on  the 
moisture  content  of  any  product  by  that  system. 

B.  S.  Harrison  :  We  have  been  using  the  Hess  grain  tester.  It 
is  a  small  retort  with  a  gas  flame  underneath  it.  We  put  a  definite 
quantity  of  our  product,  weighed,  into  the  retort  and  a  certain 
amount  of  oil  in  with  it,  and  it  is  brought  slowly  up  to  a  temperature 
so  that  the  water  is  driven  out  of  the  product  and  its  place  is  taken 
by  the  oil.  The  water  vapor  that  is  driven  ofif  is  passed  through  a 
condenser  and  condensed  in  a  very  narrow  test  tube,  which  is  cali- 
brated to  percentages.  That  is,  if  we  put  200  grams  of  our  product 
into  the  retort  and  then  read  the  calibration  of  our  test  tube  and  it 
shows  10,  it  is  10  per  cent  moisture;  if  it  shows  5,  it  is  5  per  cent 
moisture.  That  is  probably  the  quickest  method  of  testing  that  I 
have  seen  and  it  is  very  accurate  too. 

Mr.  Gore:  One  of  the  army  chemists,  Lieut.  Mangels,  tested 
out  the  standard  grain  dryer  for  vegetables.  He  found  that  while 
the  grain  dryer  worked  fairly  well  on  potatoes,  it  did  not  work  at 
all  on  certain  other  vegetables  as  they  decomposed  badly ;  and  much 
more  water  was  given  off  than  was  present  in  the  form  of  hygro- 
scopic moisture. 

So  we  use  vacuum  drying  at  a  temperature  not  above  70  deg. 
cent.,  and  we  can  go  lower  than  that.  We  insist,  however,  on  having 
the  oven  water-jacketed  in  order  to  give  uniformity,  as  the  ordinary 
vacuum  chamber,  not  water-jacketed,  is  not  very  uniform. 

Along  the  lines  of  Mr.  Fleisher's  paper,  it  seems  to  me  his  sug- 
gestion is  one  of  the  very  best  we  have,  to  quickly  produce  a  large 
amount  of  material.  It  has  brought  to  my  mind  a  suggestion  that  I 
think  some  one  ought  to  make,  that,  after  all,  the  drying  of  many 
of  our  vegetables  is  simply  an  adjunct  of  our  present  canneries, 
substituting  drying  for  the  processing  and  sterilization  of  the  prod- 
ucts. I  hope  the  members  of  the  Society  perhaps  will  think  of  the 
drying  of  vegetables  as  a  cannery  adjunct  when  they  are  called  upon 
to  advise  in  connection  with  the  drying,  because  of  the  remarkable 
ef^ciency  of  the  vegetable  preparing  machinery  at  well-equipped  can- 
neries. We  were  struck  at  the  Jackson  Prison  with  the  excellent 
blanchers  which  they  had  there  for  treating  the  whole  range  of 
vegetables. 

The  Author  :  In  New  York  we  have  maybe  one  hundred 
very  large  hotels  thoroughly  equipped  to  prepare  this  material  for 
drying.     As  I  have  said  before,  the  preparation  of  the  material  is 


Discussion  of  Food  Dryers  357 

much  more  of  a  job  than  the  drying.  The  hotels  of  New  York 
alone  are  equipped  to  handle  thousands  of  tons  of  vegetables  and  dry 
them.  They  all  of  them  have  large  ventilating  equipments  and  keep 
steam  up  all  summer.  I  am  sure  that  if  somebody  here  would  go 
around  and  see  what  could  be  done,  we  could  dry  enormous  quan- 
tities of  food  in  our  New  York  hotels. 

N.  OwiTZ  :  It  would  be  interesting  to  some  if  they  knew  what  has 
actually  happened  in  some  of  the  New  York  hotels.  I  know  of  a 
hotel  in  New  York  City  that  served  from  July  1,  1017,  to  January  1, 
1U18,  a  great  many  products  that  they  dried.  They  ran  a  very  inter- 
esting experiment  in  connection  with  drying  eggs.  Instead  of  using 
eggs  from  the  shells,  in  their  hotel  they  used  in  every  instance  dried 
eggs.  Those  eggs  happen  to  have  been  dried  in  a  Devine  vacuum 
double-drum  drier  that  we  had  shipped  to  China,  where  eggs  can  be 
bought  all  the  year  around  for  from  3  to  5  cents  a  dozen.  They 
make  them  up  in  scrambled  eggs  or  any  kind  of  dish  where  the  eggs 
were  not  served  whole,  and  they  used  them  for  cakes  and  pies,  etc. 
I  will  agree  with  Mr.  Fleisher  that  what  has  been  done  was  on  a  very 
rmall  scale,  and  a  great  work  could  be  done  if  there  were  a  concerted 
movement. 

W.  S.  TiMMis:  In  line  with  the  suggestion  of  yesterday  that  this 
Society  exert  a  wider  influence,  I  move  that  the  substance  of  Mr. 
Fleisher's  paper  be  brought  to  the  attention  of  the  Department  of 
.\griculture  and  the  Food  Administration  in  the  name  of  the  Society, 
and  that  a  committee  be  appointed  to  draft  such  a  digest  of  the 
recommendations  contained  in  Mr.  Fleisher's  paper  to  those  bodies 
as  will  represent  the  feeling  of  this  Society. 

The  motion  was  seconded  and  carried. 

The  President:.  I  will  appoint  \V.  L.  Fleisher,  Dr.  Gore  and 
R.  T.  Coe.  While  Dr.  Gore  is  not  a  member  of  the  Society  I  think 
he  could  be  of  inestimable  value  on  the  committee. 

H.  M.  Hart:  I  move  that  we  offer  a  rising  vote  of  thanks  to 
these  gentlemen  for  the  interesting  data  they  have  brought  to  us. 

The  motion  was  seconded  and  unanimously  carried  by  a  rising 
vote  with  applause. 
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The  President  :  ,We  have  had  some  very  interesting  correspond- 
ence with  Mr.  Alfred  S.  Kellogg,  member  of  the  Society,  who  as  a 
member  of  a  local  public  safety  committee  of  Eastern  Massachusetts 
and  of  the  Food  Administration  of  Massachusetts,  has  gathered 
some  very  interesting  data  with  regard  to  Community  Dryers.  He  has 
been  kind  enough  to  submit  for  our  consideration  a  memorandum 
that  he  prepared  for  the  Middlesex  Farm  Bureau  for  a  simple  fan 
dryer  which  he  believes  will  be  particularly  applicable  to  com- 
munity conditions  in  the  Eastern  districts.  I  believe  you  will  be 
interested  in  his  memorandum. 

MEMORANDUM  CONCERNING  FRUIT  AND  VEGETABLE  DRYERS 

GENERAL 

The  more  one  looks  into  the  subject  of  agricultural  dryers,  the  more 
convinced  one  becomes  that  there  is  very  little  in  common  in  the  mechanical 
requirements  of  dryers  intended  for  commercial  purposes  and  those  that 
have  proven  successful  in  western  communities  and  farming  districts.  Com- 
mercial dryers  to  prove  successful  must  be  adequately  equipped  with  ma- 
chinery and  employ  trained  help  under  skilled  supervision,  whereas  a 
dryer  intended  for  community  needs  must  be  so  simple  in  construction  that 
it  may  be  successfully  operated  by  the  volunteer  workers  available  in  the 
district.  In  the  former,  the  time  element  in  drying  is  of  the  greatest 
importance,  thus  relatively  high  air  temperatures  are  employed,  whereas, 
owing  to  lack  of  equipment  and  skilled  employees,  the  latter  must  remain 
content  with  the  longer  drying  period — from  twice  to  three  times  as  long. 

It  must  be  kept  in  mind  that  the  success  or  failure  of  any  drying  device 
■will  have  a  large  bearing  upon  the  interest  taken  by  the  public  in  this 
important  subject.  The  present  generation,  even  in  agricultural  communities, 
knows  little  of  the  importance  of  dried  food  products,  and  they  must  be 
convinced  by  practical  demonstration  of  its  value;  therefore,  if  a  dryer 
fails  for  lack  of  temperature  or  air  movement ;  if  in  humid  weather  it  fails 
to  dry  sufficiently  or  takes  too  long  a  time,  then  public  confidence  and  in- 
terest fails,  and  the  whole  idea  is  looked  upon  as  a  fad.     Any  device  for 
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drying  therefore,  must  be  such  that  there  can  be  no  doubt  whatever  of  its 
working  under  any  and  all  weather  conditions,  and  at  the  same  time  dry 
the  materials  in  a  reasonably  short  time.  As  an  educational  venture  it  must 
not  fail  in  any  particular. 

DRYING    COMPARTMENTS 

The  dryer  may  be  constructed  of  pine  boards  nailed  to  wood  strips,  or 
of  galvanized  sheet  steel.  It  is  the  writer's  opinion  that  while  the  ma- 
terials entering  into  the  wood  and  wall  board  dryer  may  cost  less,  yet  the 
considerable  amount  of  labor  needed  as  compared  with  that  required  to 
construct  a  sheet  metal  dryer,  will  make  the  latter  cost  less  in  the  end, 
and  the  latter  also  has  the  advantage  of  being  incombustible.  However, 
the  materials  most  available  will  govern  the  selection  in  most  cases. 

The  trays  should  be  so  made  as  to  allow  the  air  to  pass  through  every 
part  of  them.  If  made  entirely  of  galvanized  netting  of  six  meshes  to 
the  inch  with  the  edges  wired,  the  results  will  be  found  satisfactory. 

AIR  CIRCULATION 

To  compensate  for  the  low  temperatures  necessarily  employed,  the  suc- 
cessful agricultural  dryers  secure  high  air  velocities  through  the  drying 
compartments  by  means  of  a  fan  arranged  to  either  force  the  air  through 
or  exhaust  the  air  from  the  dryer.  At  the  low  temperatures  employed  the 
exhaust  method  will  probably  prove  the  most  successful. 

The  fan  to  be  used  will  be  determined  by  the  available  power  to  drive  it. 
An  electric  motor,  gas  or  steam  engine  or  shafting  used  on  the  premises  for 
other  purposes, — either  may  be  utilized  and  should  prove  satisfactory  in 
operation.  Probably  the  electric  motor,  direct  connected  to  the  fan  shaft  by 
belt  or  through  a  coupling,  will  be  found  to  be  very  desirable.  This,  how- 
ever, must  be  kept  constantly  in  mind;  that  if  for  any  reason  a  fan  is  em- 
ploj'ed,  either  too  small  in  size,  or  one  not  run  at  a  sufficiently  high  speed, 
the  drying  period  will  be  proportionately  increased,  requiring  fully  as  much 
power  in  total  expenditure,  and  what  may  prove  more  serious  at  times,  the 
output  of  the  dryer  will  be  greatly  reduced. 

This,  to  the  writer's  mind,  is  the  one  important  consideration  in  a  fan 
dryer  for  community  use.  The  lower  the  temperature  employed,  the  greater 
and  more  positive  must  be  the  air  currents  passed  through  the  dryer.  The 
converse  is  equally  true,  but  less  danger  to  the  quality  of  the  product  will 
result  with  a  high  air  velocity  than  from  relatively  high  air  temperatures 
improperly  controlled. 

ARTIFICIAL  HEAT 

Some  artificial  heat  must  be  employed  at  times  in  any  climate,  more 
especially  so  in  localities  of  relatively  high  humidity.  The  type  of  heater 
and  the  type  of  fan  to  be  used  will  depend  upon  local  conditions  in  nearly 
every  case.  The  same  may  also  be  said  of  the  materials  for  the  con- 
struction of  the  dryer.  If  steam  or  hot  water  is  available,  the  cast-iron 
radiator  is  easily  adapted  to  a  dryer.     If  neither  is  at  hand,  and  it  is  not 
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thought  advisable  to  install  a  small  steam  or  hot  water  boiler,  recourse  may 
be  had  either  to  a  gas  radiator  (where  city  gas  is  available)  of  the  type 
approved  by  the  fire  marshal  for  garage  heating,  or  to  any  one  of  the 
several  makes  of  wood  or  coal  burning  warm  air  furnaces.  Gas  for  heating 
the  large  volume  of  air  needed  is  likely  to  prove  rather  costly  in  operation, 
but  the  cost  of  installation  is  low. 

A  steam  or  hot  water  installation  will  usually  be  found  more  expensive 
in  first  cost  but  afford  very  satisfactory  results  in  operation. 

In  many  districts,  wood  is  plentiful  and  a  warm  air  wood-burning 
furnace  will  be  found  reasonable  in  first  cost  and  equally  so  in  operation. 

Fig.  1  illustrates  that  portion  of  a  complete  dryer  in  which  the  trays  are 
placed.  It  is  shown  built  of  sheet  metal  stiffened  with  wood  strips.  Larger 
sizes  can  of  course  be  built,  but  the  sections  shown  can  be  made  from 
standard  width  sheets.  Special  widths  are  usually  hard  to  find  in  the 
market. 

The  dryer  shown  has  four  compartments  for  drying  trays.  Dryers  will 
usually  be  built  of  three,  four  or  five  compartments.  If  built  of  too  great 
length,  more  heat  will  be  needed  to  prevent  spoiling  of  material  at  the  fan 
end.  The  trays  for  this  size  compartment  are  shown  30  by  36  in.  and  1%  in. 
deep,  made  entirely  of  wire  netting.  The  number  of  trays  to  be  placed 
in  the  dryer  will  depend  upon  the  style  of  fan  used  as  shown  on  print. 

The  drawing  shows  the  same  drying  compartments  with  several  attach- 
ments of  heaters  and  fans.  Sufficient  data  are  given  in  each  case  to  enable 
costs  to  be  easily  obtained. 

OPERATING  COSTS 

The  use  of  electric  current  for  raising  the  temperature  of  the  air  before 
it  passes  through  the  dryer  may  be  disregarded.  Electricity  for  this  purpose 
would  cost  altogether  too  much  even  if  cheap  water  power  current  were 
available.  To  heat  the  air  by  artificial  gas  the  radiator  should  be  so  designed 
that  the  products  of  combustion  do  not  pass  along  with  the  air  through 
the  dryer.  The  spent  gases  should  be  separately  piped  outside  the  building 
or  to  a  chimney.  Artificial  gas  will  cost  anywhere  from  $1.  to  $1.50  per 
1,000  cu.  ft.  and  there  will  probably  be  required  from  500  to  800  cu.  ft. 
of  gas  per  hour  to  equal  the  heating  value  of  steam  or  hot  water  radiators 
used  for  the  same  purpose.  This  will  depend  upon  the  humidity  of  the 
atmosphere  and  the  temperature  to  which  it  is  desired  to  raise  the  air. 

If  a  steam  or  hot  water  boiler  is  used  to  supply  the  radiators  for  the 
dryer  there  will  be  burned  from  20  to  30  lb.  of  coal  per  hour.  It  would 
require  a  boiler  having  a  grate  of  not  less  than  3  sq.  ft.  area  and  from  that 
to  4  sq.  ft.  Coal  or  wood  will  be  found  the  cheapest  fuel  for  heating 
the  air.     If  wood  is  available,  its  use  should  be  urged  in  order  to  save  coal. 

Electric  current  for  driving  the  fan  will  be  found  to  cost  anywhere  from 
2c  to  12c  per  kw-hr.  with  a  fair  average  of  6c.  It  is  fair  also 'to  assume 
that  for  our  purpose  a  horse  power  is  the  equivalent  of  a  kilowatt.  The 
fan  will  require  as  an  average  from  %  to  2  h.  p.,  depending  upon  the 
amount  and  kind  of  material  in  the  drj'er. 

Alfred  S.  Keli.ogg. 
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J.  D.  Hoffman  :  Referring  to  the  use  of  forced  or  suction  air, 
it  might  be  of  interest  to  some  of  you  to  know  that  last  summer  in 
connection  with  the  operation  of  one  of  these  community  dryers  I 
ran  a  series  of  tests  on  the  dryer  itself  and  on  some  special  apparatus 
to  determine  which  was  the  most  effective,  forced  air  or  suction  air. 
The  tests  were  broken  into  before  they  were  completed  and  I  had  to 
drop  them,  because  of  leaving  the  locality ;  but  as  much  as  I  did  do 
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seemed  to  show  that  the  suction  method  was  about  15  per  cent 
more  effective  than  the  forced  method. 

As  to  why,  I  have  not  been  able  to  satisfy  myself  unless  it  is  that 
the  vacuum  method  of  withdrawing  evaporation  from  materials  is 
more  effective  than  the  forced  method. 

The  President  :  Was  it  not  due  to  the  fact  that  by  exhausting, 
a  more  even  flow  through  them  is  obtained  than  the  other  way? 
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J.  D.  Hoffman  :  We  endeavored  to  have  the  flow  as  nearly  uni- 
form as  possible.  The  tests  of  course  were  not  exhaustive  and  I  am 
not  prepared  to  admit  the  correctness  of  the  conclusions,  although 
every  test  we  ran — and  they  covered  several  weeks  duration — seemed 
to  bear  out  the  same  results,  12  to  15  per  cent  in  favor  of  the 
vacuum. 

N.  OwiTZ  :  We  find  that  the  community  canning  kitchens  or 
thrift  kitchens  are  usually  placed  in  stores,  if  it  is  in  the  cities,  or 
in  barns  or  some  such  place  if  in  the  country,  and  power  is  not  avail- 
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able.  To  drive  either  a  suction  or  an  exhaust  fan,  we  must  have 
power.  Sometimes  with  electric  lights  we  can  get  a  motor  direct 
connected,  or  by  a  belt  drive.  In  lots  of  places,  however,  even  electric 
lights  are  not  available,  so  they  are  without  any  power,  and  it  has 
been  found  that  if  the  hot  air  dryer,  which  is  a  very  good  proposition 
for  community  kitchens  because  of  first  cost,  ease  of  operation, 
simplicity  and  the  like,  could  be  designed  to  eliminate  the  fan,  it 
would  be  the  right  tack. 

At  the  thrift  kitchen  in  Buffalo  they  have  such  a  dryer  in  opera- 
tion,  which   is   nothing  but   a   cheap   metal   box   containing   VI   or 
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14  trays,  and  there  is  a  sheet  steel  baffle  plate  underneath,  with  gas 
coming  from  the  bottom  and  circling  around  a  series  of  vertical  tubes. 
The  dryer  has  a  chimney  on  the  top  to  create  sufficient  draft  and  the 
air  is  drawn  in  that  way,  coming  in  at  the  bottom  and  circulating 
around  these  tubes,  which  are  heated.  In  most  cases  the  flame  heats 
the  air  sufficiently  so  that  in  its  travel  through  the  dryer  it  will 
absorb  sufficient  moisture  and  the  draft  through  the  stack  will  be 
sufficient  to  carry  off  that  air  laden  with  the  moisture.  It  is  very 
practical  and  I  think  is  really  the  solution  of  the  unit  or  the  isolated 
thrift  kitchen  proposition. 

James  H.  Davis  :    Why  can't  they  use  a  small  gas  engine? 

N.  OwiTZ :  They  can  use  the  gas  engine.  They  can  use  also  the 
dryer  with  a  little  steam  engine  as  in  one  instance.  The  objection  to 
that,  however,  is  that  the  majority  of  people  who  patronize  these 
thrift  kitchens  are  the  volunteer  labor  (and  ninety  per  cent  is  woman 
labor).  A  woman  is  usually  not  versed  in  anything  mechanical.  A 
gas  engine  is  a  mystery  to  them,  and  they  dare  not  touch  it.  Also 
it  makes  a  lot  of  noise,  and  that  is  annoying,  especially  when  they 
are  giving  lectures,  which  they  very  often  do,  and  they  naturally  like 
it  quiet.    With  the  gas  heating  arrangement  there  is  no  noise. 

These  appliances  can  be  adapted  to  be  heated  by  coal,  coke  or 
wood,  by  installing  a  heating  oven.  It  is  not  logical  or  practical  to 
exhaust  the  air  from  a  wood  or  coal  fire  through  a  dryer,  because 
it  carries  gases  and  the  like  which  stick  to  the  food  and  make  objec- 
tionable tastes  and  smells  and  sometimes  discolor.  The  air  passes 
through  the  furnace,  is  heated,  then  sent  into  the  dryer.  I  think 
that  has  been  found  very  practicable. 

The  President:  Gentlemen,  Mr.  Shirker  is  here  with  us,  who  I 
believe  is  the  manager  of  the  local  Thrift  Kitchen  at  17  East  Chip- 
pewa St.,  Buffalo,  and  he  extends  a  cordial  invitation  to  all  of  us 
to  come  and  see  one  of  these  dryers  in  operation.  They  have 
a  dryer  which  will  be  in  operation  where  we  can  see  tliem 
dehydrate  vegetables. 

N.  OwiTZ  :  They  have  there  a  vacuum  dryer  of  large  capacity  and 
also  have  the  hot  air  dryer  which  I  have  just  described.  I  want  to 
take  this  opportunity  of  asking  them  tomorrow  to  arrange  for  a  de- 
hydrated luncheon.  Please  let  me  know  of  any  members  who  would 
like  to  have  a  dehydrated  lunch,  as  this  has  been  volunteered  by  the 
thrift  kitchen.  Anyone  interested  in  the  dehydrating  of  food  and 
vegetables  can  go  over  and  see  installations  of  the  two  types,  and 
also  we  will  arrange  the  luncheon  for  as  many  as  want  to  attend. 
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REASONS  FOR  FAILURES  OF  HEATING  SYSTEMS 

By  J.  D.  Hoffman,  Lafayette,  Ind. 
Member 

THE  time  has  come  for  a  campaign  of  education  for  more 
satisfactory  heating  and  ventilation  in  the  homes  of  our 
country.  Business  blocks,  auditoriums,  schools  and  build- 
ings of  larger  proportions  have  been  carefully  worked  out,  and 
because  of  their  importance  as  public  utihties,  have  been  treated 
with  such  respect  by  both  architect  and  engineer  as  to  insure  fairly 
satisfactory  service.  The  home  of  the  private  citizen  of  moderate 
means,  on  the  contrary,  still  suffers  grievously.  The  need  for  cor- 
rective agitation  is  apparent,  and  our  Society  should  find  some  means 
through  which  to  educate  the  public  to  demand  and  see  that  they 
get  more  satisfactory  heat  in  their  homes. 

The  recent  coal  situation  has  served  the  purpose  of  calling  to  the 
attention  of  heating  and  ventilating  engineers  that  in  the  future 
economic  problems  of  the  home  they  must  necessarily  become  more 
vital  factors.  Heretofore  they  have  pacifically  endeavored  to  fit  their 
heating  and  ventilating  systems  into  ill-conceived  and  poorly  con- 
structed houses  and  have  trusted  to  their  ability  as  engineers  to 
overcome  the  handicap  imposed  upon  the  systems  by  architects  or 
constructors  who  knew  little  and  cared  less  about  the  requirements 
of  home  comfort.  The  heating  and  ventilating  engineers  this  past 
winter  have  shown  their  willingness  to  do  anything  in  their  power 
to  tide  over  the  acute  stages  of  panic  and  suffering  due  to  the  fuel 
shortage.  They  have  unceasingly  counseled  "fewer  fires"  and 
"more  economic  firing,"  because  under  the  conditions  this  was  all 
that  could  be  done.  Then,  nothing  counted  as  much  as  direct 
coal  saving  but  now  that  the  stress  of  severe  winter  has  passed 
we  may  ask  ourselves :  What  and  how  may  the  heating  and  ven- 
tilating engineers  do  to  assist  in  laying  the  foundation  of  a  more 
effective  economy  in  the  years  just  ahead? 
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I  have  especially  in  mind  some  of  those  conditions  (principally 
residential)  that  not  only  work  against  economic  heating,  but  abso- 
lutely prevent  it  in  a  large  number  of  cases.  Some  of  these  condi- 
tions are  due  to  the  mistakes  of  the  architect,  with  knowledge  afore- 
thought or  otherwise,  some  of  them  to  those  of  the  heating  man  (or 
hardware  man)  who  installs  the  system,  and  some  to  those  of  the 
householder  who,  practising  false  economy,  is  not  willing  to  pay  the 
price  of  good  work. 

First  let  me  call  your  attention  to  the  popular  ideas  and  ideals  of 
ventilation.  Years  of  experience  and  observation  of  the  medical 
fraternity  all  over  the  world  have  combined  to  develop  such  a  whole- 
some respect  for  normal  outdoor  air  as  a  health  preserver,  that  we 
were  coming  to  understand  that  this  was  one  of  the  best  health  pre- 
servers and  about  the  only  cure,  when  cure  were  possible,  for  lung 
and  throat  diseases.  Unfortunately,  well  meant  scientific  experi- 
mental data  have  been  so  misinterpreted  by  certain  people  as  to 
make  the  question  of  the  purity  of  the  air  a  non-essential.  I  quite 
agree  with  Dr.  W.  A.  Evans,  of  Chicago,  that  although  we  are  not 
able  to  determine  the  exact  reasons  why  pure  air  is  a  food  and  why, 
on  the  other  hand,  respired  air  is  harmful,  this  fact  is  no  proof  that 
the  healthfulness  of  pure  air  which  has  so  long  been  considered 
axiomatic  with  us,  should  be  so  discounted.  Many  published  articles, 
emphasizing  such  revolutionary  ideas,  have  gained  a  considerable 
following  throughout  the  country  among  those  persons  whose  atten- 
tion has  not  been  directed  particularly  to  the  subject,  and  especially 
among  landlords  who  would  profit  by  the  abolition  of  the  fresh  air 
idea.  The  latter  element  may  be  classed  as  the  real  obstructionist, 
and  if  we  add  to  this  group  the  list  of  those  conscientious  house- 
holders who,  through  lack  of  information  or  through  misinformation 
do  not  appreciate  the  value  of  pure  air,  it  is  very  easy  to  see  why  the 
death  rate  in  our  shut-up  homes  is  an  increasing  variable  during 
the  winter  months,  reaching  a  maximum  along  in  February  or 
March.  When  the  health  of  the  people  is  at  stake,  it  is  far  better 
to  err  with  too  much  than  too  little  outdoor  air. 

In  the  face  of  what  has  just  been  said,  however,  we  need 
to  urge  a  campaign  for  better  built  houses — houses  that  are 
made  to  live  in  and  not  merely  to  rent  or  to  sell.  It  is  a  sad 
commentary  on  our  American  domiciles,  but  it  is  a  fact  that  the 
average  residence  is  a  satisfactory  habitation  for  only  nine  months 
in  the  year.  It  has  been  stated,  that  in  1912,  75  per  cent  of  the 
residences  built  in  the  United  States  cost  each  $5,000  or  less.  This 
ratio,  if  correct,  has  probably  not  changed  much  in  the  interim. 
From  what  I  know  of  the  methods  of  construction  of  the  averasre 
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residences  of  this  class,  I  am  safe  in  venturing  that  75  per  cent 
of  this  number  are  not  satisfactorily  heated.  Further,  I  am  willing 
to  venture  that  75  per  cent  of  the  number  not  giving  satisfaction 
are  failing,  not  so  much  from  the  lack  of  gray  matter  on  the  part 
of  the  heating  man,  as  from  unsatisfactory  house  design  and  con- 
struction. 

In  most  of  the  ordinary  balloon-framed  houses  the  sheathing  is 
very  inferior  in  grade  and  loosely  butted  at  the  edges,  when  there 
should  be  solid  boards  and  lap  joints.  Some  of  the  houses  have 
no  building  paper  or  its  equivalent,  some  have  one  course  of  the 
building  paper  and  a  few  have  two,  but  very  few  courses  are  laid 
with  care  to  serve  as  an  insulation.  Two  courses  of  paper  in  face 
contact  are,  it  should  be  stated,  inferior  to  one  course  with  the 
sheathing  and  one  course  w^oven  in  and  out  over  the  studding; 
or,  to  one  course  with  the  sheathing  and  one  course  on  the  inside 
of  the  studding,  with  strippings  under  the  laths  to  bring  the  plaster 
free  from  the  paper  surface.  Again,  suppose  the  w^all  is  well 
protected  against  inleakage  but  the  upper  and  lower  ends  of 
the  spaces  between  the  studs  are  open ;  in  this  case  there  is  free 
convection  of  air  upwards  between  the  inner  and  outer  layers  of 
the  wall  and  the  heat  that  should  be  kept  within  the  room  is  dis- 
sipated to  this  air  current  and  lost  to  the  attic,  and  the  conditions 
are  worse  than  the  open  wall  in  that  the  heat  is  lost  and  there  is 
no  corresponding  -physical  benefit  from  this  inleakage. 

One  of  the  worst  types  of  construction,  and  one  I  have  frequently 
met  w^th,  is  the  bungalow  type  second  floor  outer  wall  which 
offsets  within  the  plane  of  the  first  floor  outer  wall.  Irrespective 
of  the  type  and  quality  of  main  w^all  construction  (balloon- frame, 
brick  or  stone),  the  second  floor  wall  is  stiidded  down  from  a 
ceiling  level  near  the  roof  line,  lathed  and  plastered  on  the  inside 
of  the  studs  and  on  the  ceiling,  and  the  outside  of  the  studs  and 
joists  left  open  to  the  cold  spaces  under  the  roof.  In  two,  other- 
wise well  designed  and  properly  heated,  stone  bungalows  called  to 
my  attention  recently,  where  the  heating  systems  were  pronounced 
failures,  the  heat  lost  through  the  second  floor  walls  and  ceilings 
to  the  cold  spaces  underneath  the  roof  was  so  great  that  a  cold 
draft  of  air  down  the  open  stair  was  sufficient  to  make  the  first 
floor  uncomfortably  cold.  A  careful  inspection  of  the  heating 
systems  showed  them  sufficient  in  capacity  to  supply  similar  build- 
ings with  ordinary  well  constructed  walls,  and  excessive  in  ca- 
pacity for  the  heavy  stone  outside  walls  these  houses  had. 

Everything  seemed  to  be  satisfactory  but  as  a  last  resort  I 
asked  to  see  the  attic  construction.    Here  we  found  that  the  exterior 
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walls  and  ceiling  of  the  second  floor  had  only  one  ordinary  lath 
and  plaster  thickness  separating  the  rooms  from  the  attic  spaces. 
The  outside  temperatures  at  the  time  were  near  zero  and  the  tem- 
perature in  the  attic  spaces  showed  that  the  heat  was  going  through 
these  plaster  partitions  like  water  through  a  sieve.  My  advice 
in  each  case  was  to  surface  the  outside  of  the  studs  and  joists 
with  heavy  building  paper  or  tight  boards,  or  better,  with  both. 
I  have  mentioned  these  two  cases  because  they  show  how  a  splen- 
did construction  may  be  set  at  naught  by  inexcusable  carelessness 
in  some  hidden  detail  of  construction.  These  houses,  that  on  the 
face  of  things  were  overheated,  were  as  a  matter  of  fact  only 
partially  heated  and  through  no  fault  of  the  heating  man  excepting 
that  he  should  have  insisted  upon  knowing  what  kind  of  construc- 
tion would  be  used  in  the  various  walls.  Most  cases  of  poor 
house  construction  that  come  to  the  attention  of  the  heating  and 
ventilating  engineer  differ,  however,  from  the  ones  mentioned  in 
that  the  failures  are  due  to  general  house  debility  and  it  is  more 
difiicult  to  say  which  bad  feature  has  the  greatest  efifect  in  producing 
failure  of  the  heating  system. 

A  WORD  OF  WARNING  TO  THE   HEATING  ENGINEER 

It  frequently  happens  that  in  order  to  conceal  the  piping 
the  heating  engineer  crosses  the  wall  and  carries  his  pipes 
through  the  attic  spaces.  The  practice  improves  the  appearance:  of 
the  room  somewhat  (and  some  householders  insist  upon  it),  but  it  is 
opposed  to  economy.  In  one  striking  example  of  how  not  to  do  it,  a 
new  vapor  system  was  installed  in  a  stone  bungalow  last  summer 
with  all  the  second  floor  returns  and  some  of  the  mains  traversing 
these  attic  spaces.  The  result  was  a  freeze-up  in  every  radiator  on 
the  windward  side,  alternating  of  course  as  the  wind  shifted  so  as  to 
give  every  room  some  of  the  same  experiences,  and  during  otie 
week  of  the  extreme  weather  last  winter  every  second  floor  radiator 
was  out  of  commission.  No  insulation  was  put  on  the  pipes  and 
I  doubt  if  they  could  have  been  successfully  insulated  against  the 
zero  temperatures  which  were  indicated  by  the  thermometer  near 
the  pipes.  Vapor  system  returns  are  especially  susceptible  to 
freezing  conditions. 

Another  feature  of  house  design  that  is  frequently  fatal  to  the 
plans  of  the  heating  engineer  is  the  overhanging  room  with  only 
one  thickness  of  %  inch  flooring  on  the  room  and  light  ceiling 
over  the  porch.  This  always  gives  a  cold  floor  that  is  not  only 
uncomfortable  to  the  occupants,  but  eliminates  heating  possibilities 
on  cold  days.     These  remarks  do  not  apply  of  course  to  sleeping 
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porches  with  no  heat.  If  an  overhanging  room  is  desired,  be  sure 
to  provide  for  a  well  insulated  floor. 

One  feature  of  house  construction  that  reflects  against  the 
builder  rather  than  the  architect  is  the  loose  construction  around 
the  windows.  The  owner  wishes  free  moving  sash  and  the  work- 
men give  him  everything  he  could  desire  in  this  regard.  But  how 
about  the  person  who  is  expected  to  inhabit  the  room  on  a  zero 
day  when  the  wind  is  blowing  a  20  mile  velocity?  I  have  caught 
snow  in  my  hand  at  a  distance  of  2  ft.  from  a  tightly  locked  win- 
dow, in  a  house  supposed  to  have  better  than  ordinary  construc- 
tion. What  can  the  Society  do  to  better  such  conditions  ?  Win- 
dow strips,  metal  weather  strips,  and  storm  windows  may  be  urged. 
Storm  windows,  top  hung,  give  satisfactory  insulation  during  the 
cold  days  and  at  the  same  time  provide  ventilating  possibilities 
on  moderate  days.  An  average  nine  room  house  can  be  supplied 
with  good  storm  windows,  west,  north  and  east  for  an  expenditure 
of  from  $75  to  $100  and  the  coal  saving  will  pay  for  the  first 
cost  in  two  years  time.  Such  storm  windows  are  no  hindrance  to 
open  window  ventilation  when  desired. 

Next,  let  us  look  at  the  chimney.  Several  points  in  common 
practice  among  architects  tend  toward'  inefficiency.  The  out- 
side chimney,  in  spite  of  its  possibilities  toward  exterior  ornamenta- 
tion, is  not  a  good  draft  producer  because  of  the  chilling  effect 
of  the  outside  air.  Where  a  chimney  is  required  in  an  outside 
wall  it  should  be  not  less  than  two  brick  thick  (8  in.)  on  each 
side  of  the  flue  at  the  thinnest  part,  increasing  to  at  least  12  in.  on 
the  lowest  part.  This  is  improved  if  the  chimney  wall  is  double 
with  an  air  space  between  the  walls.  Such  an  air  space  may  be 
closed  in  with  an  occasional  layer  of  header  bricks  from  the  out- 
side wall  nearly  touching  the  inner  wall.  These  header  bricks 
cut  off  air  circulation  and  in  addition  steady  the  inner  wall.  They 
must  not  bind  the  walls  together  since  the  lineal  expansion  of  the 
two  shafts  are  not  equal.  The  chimney  is  improved  occasionally 
by  an  ornamental  wall  of  cobble  stones  laid  up  on  the  outside  of 
the  chimney  proper.  All  chimneys  .should  have  an  inner  lining  of 
hard  burned  tiles  well  cemented  at  the  joints  and  embedded  with 
the  inner  brick  surfaces. 

The  ideal  shape  of  the  chimney  is  round,  but  this  shape  does 
not  lend  itself  to  convenient  construction.  Since  most  chimneys 
are  too  thin  on  the  free  area,  an  approach  to  a  square  would  be 
desirable.  Assuming  the  chimney  to  be  otherwise  properly  designed 
for  height,  size  and  shape  for  furnace  or  fire  place  service,  as  the 
case  may  be,  the  principal  point  to  be  observed  in  its  construction 
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is  to  protect  the  gases  from  the  chilHng  effects  of  the  outside  air. 
An  interior  chimney  overcomes  this  difficulty  completely  and  in 
my  opinion  is  much  the  better  proposition. 

With  a  strong  draft  assured  at  all  times  in  the  smoke  pipe  be- 
tween the  furnace  and  the  chimney,  it  is  a  simple  process  to  control 
the  rate  of  fuel  consumption  in  the  heater  by  keeping  the  ash 
damper  closed,  the  damper  in  the  fire  door  open,  and  regulating 
by  the  smoke  pipe  and  check  dampers.  This  method  of  regulation 
probably  gives  a  more  uniform  rate  of  burning  than  by  regulating 
the  ash  damper,  but  it  presupposes  a  furnace  of  sufficient  capacity 
to  permit  eight  hour  intervals  between  firings. 

Satisfactory  chimney  draft  is  a  point  to  be  given  serious  consid- 
eration. Householders  worry  about  smoking  fire  places  and  speak 
of  the  faulty  construction  of  the  chimneys,  all  of  which  is  true  in 
many  cases,  but  they  fail  to  grasp  the  fact  that  the  same  chimney 
enclosed  in  the  house  construction  would  undoubtedly  have  suf- 
ficient draft  so  that  smoke  would  never  enter  the  room.  Again, 
an  inside-  chimney  is  not  only  more  constant  in  its  draft,  but  its 
location  frequently  provides  an  opportunity  of  collecting  together 
some  of  the  warm  air  stacks,  if  the  house  is  heated  by  furnace 
heat,  and  assures  a  good  warm  air  circulation  to  the  rooms  at  all 
times. 

Let  me  add  a  word  of  caution  in  regard  to  the  inside  chimney : 
Under  no  consideration  should  the  house  coftstruction  be  rigidly 
fixed  to  the  chimney.  This  is  too  frequently  done.  The  expansion 
and  contraction  of  the  chimney  causes  movement  of  the  floors, 
thus  cracking  the  walls  and  ruining  the  fits  of  the  floors,  casings,  etc. 
.  So  far  I  have  been  pleading  for  better  exterior  cofutniction 
since  this  is  the  most  vital.  The  points  touched  upon  do  not  by 
any  manner  of  means  exhaust  that  part  of  the  subject,  but  now 
notice  what  the  heating  man  encounters  in  the  interior  construction, 
with  indirect  heating,  or  say  furnace  heating.  (Steam  and  hot 
water  direct  heating  may,  of  course,  be  fitted  to  almost  any  build- 
ing no  matter  what  the  interior  construction  may  be.)  Of  the 
unsatisfactory  furnace  systems,  I  wager  that  75  per  cent  fail  because 
the  architect  and  constructor  have  restricted  the  heating  man  to 
such  a  degree  that  the  heat  lines  of  his  system  are  too  small  to 
carry  the  heat  necessary  to  supply  the  loss  through  the  outside 
walls  and  windows.  If  this  statement  is  even  only  approximately 
true,  then  it  would  seem  that  our  Society  has  neglected  the  furnace 
heating  business.  Any  one  of  the  necessities  of  the  home  that  is 
so  vital  to  so  many  of  our  people  should  be  more  carefully  guarded. 

Some   furnaces   fail  to  give   satisfaction   when  installed  in  well 
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built  houses.  Such  plants  are  largely  the  mistakes  of  the  heating 
man  in  not  installing  furnaces  of  sufficient  capacity  to  do  the  work, 
or  in  not  requiring  certain  changes  in  the  house  arrangements.  In 
this,  he  should  be  held  responsible.  Too  many  furnace  men  are 
willing  to  risk  too  much.  They  should  know  what  will  or  will  not 
work,  and  should  stay  by  their  convictions  or  throw  over  the  job. 
The  man  who  is  not  willing  to  sacrifice  his  reputation  for  the  sake 
of  a  job  that  he  feels  sure  will  fail,  or  one  that  he  would  have 
to  "skin"  in  order  to  make  a  living  wage,  will  always  carry  a  repu- 
tion  for  safe  and  sane  work.  However,  by  far  the  greater 
number  of  plants  fail  because  of  limitations  imposed  upon  the 
furnace  man  by  features  of  building  construction  in  no  wise  under 
his  control. 

To  note  some  of  the  limitations,  taking  them  in  the  order 
of  first  importance,  the  zvall  stack  is,  in  my  opinion,  the  chief 
ofifender.  In  houses  of  this  classification  (So, 000  or  less),  the 
interior  walls  are  built  of  4  in.  studding,  set  16  in.  on  centers.  This 
gives,  allowing  for  shrinkage  of  the  studs,  approximately  3^  by 
14^  in.  maximum  cross  section  of  opening  through  which  the  ver- 
tical air  ducts  (stacks)  are  run.  Since  stacks  fit  loosely  in  this 
space  and  are  supposed  to  be  insulated  fr£)m  the  wood  work  of  the 
wall  by  one  or  two  layers  of  asbestos  paper,  single  walled  stacks 
will  be  about  3^i  by  14  in.  and  double  walled  stacks  (two  stacks 
fastened  symmetrically  with  each  other  with  a  thin  air  space  be- 
tween), 3^4  by  13^  in.  All  such  stacks  are  of  tin  or  light  galvan- 
ized iron,  and  as  such  cause  very  little  friction  in  the  movement  of 
air  through  them,  but  they  fail  because  they  are  too  thin  or  because 
they  have  too  many  right  angled  turns.  The  maximum  wall  stack 
has  say  45  scj.  in.  net  cross  sectional  area.  This  will  supply  a  10 
X  12  ft.  centrally  located  room  having  small  exposure,  but  is  not 
sufficient  for  large  rooms  or  for  heavily  exposed  rooms. 

Strange  as  it  may  seem,  some  of  the  best  illustrations  of  how 
not  to  do  this  part  of  the  work  are  furnished  by  buildings  where 
one  would  have  every  reason  to  expect  to  find  the  best.  This 
winter  I  was  called  to  look  over  a  furnace  system  recently  installed 
in  one  of  the  better  class  residences  where  two  adjoining  corner 
rooms  on  the  second  floor,  southeast  and  southwest,  approximately 
12  X  16  X  8  ft.  each,  were  supplied  from  one  wall  stack  of  40  sq.  in. 
net  area.  This  stack,  topped  by  one  register  in  each  room,  was  supposed 
to  keep  the  rooms  comfortable.  As  a  matter  of  fact  this  stack  would 
not  supply  one  room  of  the  size  stated,  even  if  the  room  were 
better  located  than  either  one  of  these  was,  but  this  feature  was 
not  the  worst.     The  stack  as  installed  had  a  horizontal  offset  in 
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the  second  floor  of  about  2  ft.  and  to  add  to  this,  it  was  located 
about  as  far  from  the  furnace  center  as  could  be  done  without 
actually  putting  it  in  the  outside  wall.  The  first  floor  plan  would 
have  permitted  a  stack  to  each  room  and  shorter  leaders,  hence 
the  fault  was  largely  on  the  furnace  man.  What  he  should  have 
done  was  to  insist  upon  a  6  in.  partition,  or  still  better  an  8  x  8 
in.  stack  to  each  room  from  a  point  near  the  furnace,  which  could 
have  been  done  by  slightly  modifying  the  first  floor  wall  con- 
struction. 

This  whole  installation  is  the  best  illustration  of  how  not 
to  do  it  that  I  have  seen  for  a  long  time  and  is  typical  of 
a  large  group  of  others.  There  are  so  many  heating  plants 
resembling  this  one  that  it  is  no  w^onder  the  sufi:'ering  public  is 
beginning  to  condemn  the  whole  furnace  business.  The  ordinary 
wall  stack  is  a  habit  with  us  and  a  very  bad  habit.  Can't  we  con- 
ceive of  some  new  styles  of  first  floor  designs  that  will  permit 
square,  or  nearly  square,  air  shafts  instead  of  the  elongated  rec- 
tangle whose  effective  cross  area  approaches  zero?  I  am  no  archi- 
tect but  in  many  cases  have  been  able  to  suggest  changes  that 
caused  little  loss  in  appearance  and  gained  the  point  desired  in 
heating. 

Another  point,  chargeable  principally  to  the  owner,  is  the  lozv 
basement  ceiling  that  reduces  the  pitch  of  the  leaders  to  a  minimum. 
If  the  average  householder  realized  the  importance  of  extra  pitch 
to  the  pipes  in  the  basement,  he  would  let  loose  of  enough  additional 
capital  to  guarantee  a  ceiling  height  of  8  ft.  instead  of  6  ft.  as  is 
so  often  found. 

Another  point,  tabooed  by  the  average  furnace  man  as  unnec- 
essary, is  the  return  metal  duct.  No  furnace  plant  should  be  in- 
stalled that  has  any  part  of  its  air  lines  formed  by  merely  tinning 
along  the  edges  of  the  studs  and  joists.  This  is  against  the  laws 
of  the  convection  of  air  and  is  an  offense  against  the  sanitation 
of  the  building.  The  almost  universal  custom  among  furnace  men 
is  to  take  air  from  oflf  the  floor  of  the  room,  together  with  dust 
and  all,  and  carry  it  back  to  the  basement  through  a  duct  that  has 
one  side  of  verj'  rough  plaster,  two  ends  of  rough  studs  and  one 
side  of  tin.  In  many  cases  this  is  continued  to  the  furnace  between 
rough  joists  on  two  sides,  a  fairly  loose  floor  above  and  tin 
beneath.  After  a  while  the  collection  of  dusts  and  micro-organisms 
that  deposit  on  these  rough  surfaces  would  fill  a  cemetery  if  turned 
loose  en  masse  on  the  neighborhood.  Why  not  add  a  few  dollars 
to  the  building  and  make  a  smooth  duct  system  with  hand  holes  at 
intervals  to  permit  cleaning  once  each  year  by  swabs  or  fans  as  the 
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case  may  require?  Not  only  will  the  house  be  more  sanitary  but 
the  heating  system  will  come  nearer  giving  satisfaction  because 
the  laws  of  friction  have  been  considered  intelligently.  Teach  the 
householders  what  to  expect  and  most  of  them  will  follow  your 
advice. 

All  furnace  plants  operate  on  the  principle  of  natural  air  circula- 
tion, i.e.,  when  air  is  heated  it  expands,  becomes  lighter  and  rises, 
while  the  surrounding  cold  air  falls  and  takes  the  place  formerly 
occupied  by  the  heated  air.  This  is  plainly  experienced  when  stand- 
ing by  a  large  bon-fire.  The  heat  of  combustion  causes  strong 
up-currents  above  the  fire  and  corresponding  cross  currents  of  cold 
air  along  the  ground  toward  the  fire.  Consequently,  when  air 
within  the  furnace  is  heated,  there  is  an  unbalancing  of  the  densi- 
ties (weights)  between  the  air  within  and  that  without  the  fur- 
nace, resulting  in  the  warm  air  rising  from  the  furnace  to  the 
house  rooms  through  connecting  pipes  and  the  cold  air  from  the 
rooms  falling  and  entering  the  bottom  of  the  furnace  in  an  attempt 
to  preserve  the  balance. 

Combustion,  therefore,  within  the  furnace  fire  box  produces  con- 
tinuous circulation  of  the  air.  Now  the  two  chief  obstacles  in 
the  way  of  a  satisfactory  circulation  are  the  pitch  of  the  pipes  and 
the  friction  of  the  air  current  as  it  moves  through  the  pipes  to 
the  room.  Warm  air  must  travel  iipzvards  to  the  rooms ;  conse- 
quently leader  pipes  that  lift  above  the  horizontal,  benefit  circulation 
in  proportion  as  that  lift  approaches  a  vertical.  The  circulating 
effect  of  a  horizontal  pipe  is  nil — that  of  a  vertical  pipe,  100  per 
cent.  The  pitch  of  the  pipes,  therefore,  should  be  made  as  great 
as  possible.  This  means  that  the  basement  should  have  a  high 
ceiling,  the  furnace  should  be  set  low  (sometimes  in  a  cemented 
pit)  and  the  leaders  should  be  short.  These  conditions  may  be 
hard  to  obtain,  but  they  should  be  met  as  nearly  as  possible.  A 
furnace  set  in  a  low  ceiling  basement,  with  leaders  long  and  fairly 
near  the  horizontal  may  be  labeled  "failure"  even  before  it  is 
fired  up. 

The  conditions  governing  the  pitch  of  the  pipes,  aggravating 
as  they  may  be,  are  to  a  greater  or  less  degree  within  the  control 
of  the  heating  man.  Friction,  on  the  other  hand,  is  a  worse 
enemy  to  overcome  because  the  conditions  controlling  it  are  bound 
up  with  the  house  wall  construction  and  this  is  usually  fixed  by  the 
architect  before  the  problem  is  put  up  to  the  heating  man.  I  have 
no  desire  to  shift  the  burden  of  responsibility.  The  mediocre 
heating  man,  especially  the  furnace  man  who  knows  enough  to 
buy  a  furnace  at  the  cheapest  price  but  does  not  know  enough  to 
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install  it  correctly,  is  a  detriment  to  the  heating  profession,  but 
in  many  cases  he  is  more  sinned  against  than  a  sinner.  He  is  the 
victim  of  a  type  of  construction  that  even  the  best  at  times  stumble 
over.  What  we  need  in  this  country  is  a  type  of  building  con- 
struction that  looks  towards  comfort,  utility  and  permanency. 

Is  it  not  possible  to  develop  a  campaign  of  education  in  such 
a  way  that  the  average  man  who  may  be  contemplating  building 
himself  a  little  home  may  become  more  informed  on  these  vital 
points  that  are  so  necessary  in  coordinating  the  heating  and  ventilat- 
ing features  with  the  building  construction,  and  in  tliat  way  develop 
an  independent  thinker  who  will  not  be  wholly  at  the  mercy  of  the 
unscrupulous  promoter  or  the  uninformed  individual  who  fre- 
quently poses  as  an  architect  or  engineer?  Such  a  movement  to 
be  effective  must  be  supported  by  some  organization  of  men  whose 
interest  in  the  best  things  under  discussion  can  not  be  questioned. 
The  press  of  the  country  is  always  ready  to  assist  in  anything 
that  stands  for  the  public  good  so  long  as  it  is  convinced  that  the 
movement  is  bona  fide  and  under  competent  supervision.  May  the 
time  soon  come  when  we  will  build  our  houses  to  serve  as  homes 
and  not  as  private  cantonments. 

DISCUSSION 

W.  L.  Fleisher:  The  Housing  Board  is  building  any  number  of 
houses,  a  great  many  of  which  are  to  be  heated  by  hot  air  systems. 
I  think  it  would  be  a  wise  thing  to  communicate  with  them  and  make 
suggestions  to  them  in  order  that  the  hot  air  systems  that  are  in- 
stalled should  be  of  proper  design  and  consistent  with  the  per- 
manent quality  of  the  houses  themselves.  I,  therefore,  think  that  if  a 
committee  were  to  get  in  touch  with  the  Housing  Board,  the  sugges- 
tions in  the  line  of  the  proper  method  of  hot  air  heating,  would  be 
of  great  benefit  to  the  Housing  Board  and  also  to  our  Society. 

P.  J.  Dougherty  :  I  would  like  to  make  another  suggestion  in 
reference  to  the  Committee's  report  along  the  educational  line.  Such 
reports  as  a  rule  are  so  condensed  that  very  few  whys  or  where- 
fores are  given  for  the  rules  they  lay  down.  As  an  example  one 
rule  may  read,  "The  heating  surfaces  should  be  kept  clean,"  which 
doesn't  make  a  very  striking  impression.  If,  however,  the  reason 
is  given,  such  as,  "because  experiments  have  shown  that  a  coating  of 
}i  in.  soot  on  the  heating  surface  increases  coal  consumption  28 
per  cent,"  it  strikes  the  one  who  pays  the  coal  bills  in  a  tender  spot. 

The  less  you  assume  the  public  knows  about  fuel  economy  in  this 
report,  the  greater  the  help  will  your  report  be  to  the  consumer. 
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W.  H.  Carrier  :  My  observation  has  been  from  flue  gas  analysis, 
that  with  the  possible  exception  of  house  heating  plants  run  with 
banked  fires  or  low  draft  on  account  of  low  heating  requirements, 
there  is  practically  no  loss,  or  an  exceedingly  small  or  almost  neg- 
ligible loss,  in  unburned  gases.  About  the  only  unburned  gas  that 
exists  is  CO,  and  it  is  very  rarely  that  it  is  found  present  in  any  ap- 
preciable quantities  except  in  the  cases  that  I  have  stated.  I  think 
the  ordinary  furnace  with  a  good  draft,  where  the  heating  require- 
ments require  reasonable  draft,  produce  very  little  CO  as  unburned 
gas.  The  quantity  of  CO  is  usually  under  one  per  cent  in  ordinary 
conditions  of  the  furnace. 

The  most  sei^ious  loss  is  usually  by  air  leakage,  a  great  volume  of 
air  going  out,  even  though  at  very  low  temperature,  carrying  away 
large  volumes  of  heat,  due  to  quantity  rather  than  temperature. 
There  is  probably  three  or  four  times  the  quantity  of  air  that  is 
actually  needed  for  combustion,  perhaps  five  times,  where  usually 
only  50  per  cent  of  excess  air  is  really  needed. 

A.  S.  Armagnac  :  Here  is  a  paper  which,  I  should  think,  the 
newspaper  men  would  welcome.  They  have  come  to  our  meetings  in 
the  past  and  have  gone  away  saying  that  they  cannot  get  anything 
out  of  them  because  the  papers  are  so  technical.  I  dare  say  this 
paper  would  be  welcomed  in  almost  any  newspaper  ofifice  and  I  would 
like  to  make  a  motion  that  copies  of  the  paper  be  sent  to  the  Asso- 
ciated Press,  to  the  American  Press  Association  and  to  representa- 
tive papers  generally. 

The  motion  was  seconded  and  carried. 

The  President:  This  is  an  important  subject  and  it  would  be 
very  helpful  if  we  could  give  the  people  some  definite  instructions  as 
to  what  they  are  to  do  and  how  they  are  to  go  about  it  to  carry  out 
these  recommendations.  This  paper  contains  a  lot  of  good  ideas, 
and  while  they  are  perfectly  clear  and  evident  to  us,  they  will  go 
"over  the  heads"  of  a  great  many  of  the  people,  in  the  form  now 
presented.  It  could  be  simplified  by  eliminating  the  technical  parts. 
I  would  recommend  that  such  portions  of  the  paper  as  pertain  to 
technical  details  be  omitted,  so  the  paper  will  be  understood  by 
those  whom  we  want  it  to  reach.  A  committee  made  up  of  such  men 
as  Mr.  Armagnac,  Mr.  Chew  and  Prof.  Hofifman  could  do  splendid 
work  on  this  revision. 

J.  L  Lyle  :  I  move  that  a  committee  be  authorized  to  review  the 
paper  with  the  idea  of  revising  it  and  eliminating  the  technical 
parts  of  it;  also  adding  such  other  matter  as  appears  advisable  to 
enhance  its  value  to  the  public. 
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The  motion  was  seconded  and  carried. 

W.  S.  TiMMis:  It  would  seem  desirable  to  appoint  a  comipittee 
on  publicity  in  order  to  bring  not  only  this  matter,  but  other  mat- 
ters of  newspaper  interest  before  the  country.  If  the  maker  of 
the  motion  will  consent  to  a  modification  I  would  like  to  suggest 
the  formation  of  a  Publicity  Committee,  which  will  be  charged  with 
extracting  from  the  proceedings  such  matters  as  will  be  of  general 
interest  to  the  public,  and  to  have  such  matters  properly  written 
in  suitable  newspaper  language  so  that  the  public  will  be  interested. 
I  make  this  motion. 

The  President  :  The  motion  as  it  would  be  presented  now  is 
that  a  Publicity  Committee  be  appointed,  consisting  of  Mr.  Armag- 
nac,  Mr.  Chew  and  Prof.  Hoffman,  to  make  extracts  from  Prof. 
Hoffman's  paper  and  others  that  may  be  presented  at  the  Meetings 
of  this  Society,  have  them  written  in  such  form  as  will  be  of 
general  interest  to  the  public,  and  see  that  the  articles  are  handed  to 
the  press  so  that  the  public  can  get  the  most  out  of  them. 

The  motion  was  seconded  and  carried. 

R.  CoLLAMORE :  Somcbody  has  remarked  that  the  architect  was 
an  autocrat,  and  I  want  to  say  a  word  for  the  architect.  I  have  been 
in  an  architect's  office  something  like  ten  or  fifteen  years,  and  I  feel 
that  I  am  thoroughly  well  acquainted  with  architects.  It  might 
appear  at  times  that  the  architect  is  autocratic  to  some  of  the  en- 
gineers that  call  on  him,  but  I  want  to  assure  you  that  the  ozvner  is 
the  autocrat  and  the  architect  is  simply  the  agent  of  the  owner.  If 
the  owner  employs  an  architect,  it  is  the  architect's  purpose  and  sole 
idea  to  carry  out  the  ideas  of  the  owner.  Thus  if  the  architect  at 
times  builds  inferior  construction,  the  chances  are  he  is  not  entirely 
responsible  for  that. 

To  cite  an  example,  we  were  building  a  building  in  Detroit  for  one 
of  our  clients,  on  which  we  had  shown  a  concrete  roof  with  ordi- 
nary roofing  paper  on  top.  I  called  the  attention  of  the  client  to  the 
fact  that  if  he  put  3  or  4  inches  of  cinders  on  the  roof  he  would 
decrease  its  heat  loss  and  require  less  radiation  to  heat  his  building. 
He  asked  how  much  cinders  would  cost  and  discovered  that  the  in- 
vestment in  cinders  was  such  that  he  could  better  afford  to  leave 
them  off  and  spend  the  money  for  coal.  That  was  two  or  three  years 
ago.  Of  course  today  he  might  look  at  it  in  a  different  manner.  I 
cite  this  as  an  example  where  the  architect  might  appear  autocratic, 
but  the  owner  is  the  party  responsible  for  the  building.  For  that  rea- 
son, I  think  the  publication  of  a  paper  of  this  character  in  such  a 
manner  as  to  get  it  before  the  owner  is  going  to  be  exceedingly 
valuable. 


No.  495 

A  CAMPAIGN  FOR  FUEL  ECONOMY  IN  HOUSE 

HEATING 

By  Charles  Whiting  Baker\  New  York,  N.  Y. 
Non-Member 

AT  this  time,  when  fuel  saving  at  every  possible  point  has 
become  a  matter  of  national  importance,  it  seems  worth  while 
to  call  general  attention  to  the  opportunity  that  exists  for 
making  a  great  saving  in  the  coal  used  for  house  heating  where 
hot  air  furnaces  are  used. 

By  a  very  simple  and  inexpensive  change,  it  is  possible  to  make 
a  saving  of  20  to  30  per  cent  in  the  coal  required  to  heat  a  building 
in  severe  weather,  and  the  building  can  be  made  far  more  com- 
fortable. In  fact,  it  is  easy  to  change  hot  air  house  heating  from 
a  system  markedly  inferior  to  steam  or  hot  water  apparatus,  to  a 
system  which  compares  with  them  most  favorably  in  nearly  all 
respects. 

The  plan  which  is  here  recommended  is  merely  the  addition  of 
an  auxiliary  cold  air  duct  by  which  the  air  supply  to  the  furnace 
may  be  taken  from  inside  the  house,  instead  of  from  outdoors, 
during  very  cold  or  windy  weather. 

There  is,  of  course,  absolutely  nothing  novel  in  this.  Hot  air 
furnaces  have  been  installed  on  this  plan  for  many  years ;  and  the 
only  surprising  thing  is  that  all  furnaces  are  not  installed  in  this 
way,  instead  of  an  occasional  one.  The  saving  in  coal  made  pos- 
sible by  the  change  is  obvious  W'hen  one  considers  the  difference 
between  heating  air  taken  from  outdoors,  which  may  be  at  zero 
temperature  or  below,  and  air  taken  from  inside  the  house  entering 
the  furnace  at  a  temperature  averaging  perhaps  00  deg. 

The  saving  in  fuel  is  especially  great,  of  course,  where  a  hot- 
air  furnace  is  designed  and  installed,  as  all  hot-air  furnaces  should 
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be,  to  deliver  a  large  volume  of  warm  air  instead  of  a  small  volume 
of  very  highly  heated  air.  It  is,  in  fact,  a  material  advantage  of  the 
auxiliary  cold  air  inlet  from  inside  the  house  that  it  enables  a  fur- 
nace to  be  installed  which  will  deliver  warm  air,  instead  of  hot 
air — a  thing  which  is  difficult  or  impossible  when  the  entire  air 
supply  is  taken  from  outdoors. 

One  might  suppose  that  all  hot  air  furnaces  would  be  installed 
according  to  the  plan  here  recommended ;  but  the  heating  apparatus 
for  the  ordinary  dwelling  is  usually  install<?d  with  only  such  thought 
and  attention  as  the  plumber  or  builder  cares  to  give  it,  and  it  is  a 
question  of  installing  what  will  cost  least  and  sell  best,  rather  than 
what  will  give  the  best  results  in  operation. 

Even  when  a  building  becomes  important  enough  to  have  an 
architect  as  its  designer,  one  finds  that  most  architects  follow  the 
plan  of  specifying  steam  or  hot  water  heating  apparatus,  in  con- 
formity with  the  common  belief  (in  all  probability  held  by  their 
client)  that  hot  air  heating  is  a  crude  and  an  inefficient  system 
whose  only  merit  is  its  cheapness.  Thie  belief  is  based  on  experi- 
ence with  ordinary  hot  air  furnaces  as  they  are  installed  by  ordi- 
nary plumbers,  as  well  as  on  the  fact  that  the  merits  of  the  steam 
and  hot  water  systems  are  constantly  kept  before  the  public  by 
systematic  advertising. 

In  these  times,  however,  when  economy  at  every  point  is  de- 
manded as  a  patriotic  duty,  it  is  surely  the  duty  and  the  oppor- 
tunity of  engineers  to  undertake  leadership  in  this  reform.  No 
argument  whatever  is  necessary  to  convince  engineers  of  the  prac- 
tical advantages  of  the  change  here  urged.  It  may  be  useful,  how- 
ever, to  state  some  of  the  arguments  which  are  necessary  to  meet 
popular  prejudice  and  ignorance. 

THE   VENTILATION    BUGABOO 

The  first  objection,  sure  to  be  raised  by  nine  persons  out  of 
ten,  when  the  change  here  urged  is  suggested,  is  that  such  a  plan 
deserves  summary  condemnation  because  it  provides  no  fresh  air 
for  ventilation ! 

The  first  answer  to  be  made  to  this  objection  is  that  with  either 
a  steam  or  hot  water  heating  system,  as  installed  in  nearly  all 
buildings  of  ordinary  size,  no  fresh  air  tvhatever  is  provided  for 
ventilation.  If,  therefore,  a  hot  air  furnace  plant  took  its  entire 
cold  air  supply  from  inside  the  house  at  all  times,  it  would  be  at 
least  no  more  objectionable  as  regards  lack  of  ventilation  than  is 
a  steam  or  hot  water  system.     But  if  the  air  supply  for  the  hot- 
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air  furnace  is  taken  from  inside  the  house  only  in  severe  weather, 
the  most  fastidious  ventilation  expert  could  have  no  ground  for 
criticism.  It  has  been  demonstrated  by  scientific  tests  that  the  air 
in  an  ordinary  dwelling  is  undergoing  change  all  the  time  through 
a  multitude  of  cracks  around  windows,  doors,  etc.,  and  often  even 
through  the  walls.  This  change  of  air  increases  rapidly  with  low- 
ering temperature  and  especially  with  increase  in  wind  velocity. 
If,  therefore,  a  cold  air  duct  to  the  furnace  from  inside  the  house 
is  opened  only  in  very  cold  or  windy  weather,  it  will  be  used  at 
a  time  when  the  fresh  air  coming  in  around  the  closed  doors  and 
windows  furnishes  as  large  a  volume  of  ventilation  as  is  demanded 
by  standard  health  authorities. 

Even  if  a  hot-air  furnace  were  arranged  to  draw  air  from  inside 
the  house  only,  at  all  times,  it  would  still  have  a  notable  advantage 
over  the  steam  or  hot-water  heating  system  as  regards  ventilation, 
in  that  it  constantly  tends  to  "average"  the  air  content  of  the  entire 
house.  Thus  a  room  may  have  four  or  five  people  in  it,  when 
other  rooms  in  the  house  are  entirely  vacant.  With  a  steam  radiator 
in  the  room  the  atmosphere  will  soon  get  close  and  stufty ;  but 
with  a  hot-air  furnace  flue  sending  up  a  large  volume  of  air  drawn 
from  the  other  unoccupied  rooms  of  thQ  house,  where  natural 
ventilation  is  going  on,  the  air  in  the  occupied  room  will  be  rapidly 
changed. 

In  an  ordinar}^  dwelling  house,  all  that  is  necessary  to  effect 
the  change  here  recommended  is  to  make  an  opening  through  the 
floor,  with  a  register  face,  and  lead  a  cold  air  duct  thence  to  the 
base  of  the  furnace.  It  will  usually  be  possible  to  install  such  a 
cold-air  register  in  the  first  floor  hall  from  which  various  rooms 
open. 

WHY  THE  INTERIOR  COLD  AIR  INLET   MAKES  THE   HOUSE   MORE 
COMFORTABLE 

It  was  remarked  at  the  outset  that  by  taking  cold  air  from 
inside  the  house,  not  only  would  a  large  economy  of  fuel  be 
effected,  but  the  house  would  be  much  more  comfortable  in  severe 
weather.  The  reason  for  this  is  not  only  because  a  furnace  can 
adequately  heat  a  building  when  taking  in  air  at  50  to  60  deg., 
which  it  could  not  possibly  heat  when  taking  in  air  at  zero  or 
below;  but  because  by  taking  the  cold  air  from  inside  the  house, 
the  layer  of  cold  air  that  accumulates  on  the  floors  as  a  result  of 
the  natural  ventilation  at  windows  and  doors,  is,  all  the  time 
being  drawn  off  and  heated. 
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One  great  defect  of  the  hot  air  heating  system  as  commonly 
installed  is  that  while  the  upper  part  of  the  room  is  overheated,  the 
floor  is  cold.  There  is,  in  fact,  no  place  for  the  layer  of  cold  air 
next  the  floor  to  go.  It  is  only  as  this  air  is  slowly  raised  and 
mixed  with  the  heated  air  from  the  furnace  by  being  entrained 
with  the  ascending  air  current  from  the  registers  that  the  floors 
finally  become  warm.  On  this  account,  it  is  necessary  to  greatly 
overheat  the  air  in  the  upper  parts  of  the  room  in  order  to  raise  to 
the  standard  living-room  temperature  of  70  deg.  the  air  near  the 
floor.  This  necessary  overheating  of  the  upper  part  of  the  rooms 
while  the  floors  remain  cold  is  another  reason  why  the  opinion  is 
so  widely  held  that  the  hot  air  system  of  heating  is  necessarily 
unhealthy  and  uncomfortable. 

It  should  not  be  understood,  however,  that  the  mere  addition  of 
an  auxiliary  inside  cold-air  duct,  will  transform  a  hot  air  furnace 
outfit  into  a  model  system.  In  a  following  paper  the  writer  has 
discussed  in  more  detail  the  principles  which  need  to  l3e  followed 
in  the  installation  of  hot  air  furnaces  to  make  them  thoroughly 
satisfactory.  He  here  wishes  to  lay  emphasis  on  the  need  of 
remodeling  the  great  bulk  of  existing  heating  plants  of  this  type 
so  that  they  will  be  reasonably  economical  in  fuel ;  and  on  the 
opportunity  for  engineers  to  render  a  great  public  service  by 
inaugurating  campaigns  to  carry  out  this  work  on  a  large  scale. 


DISCUSSION 

Frank  K.  Chew  :  The  principal  point  in  this  paper  seems  to  be 
that  fuel  can  be  saved  by  the  recirculation  of  air.  At  a  Chicago 
summer  meeting  of  about  fifteen  years  ago,  a  comparison  of  the 
amount  of  fuel  required  for  heating  a  given  space  with  steam,  with 
hot  water  and  with  furnaces  was  under  discussion,  and  Prof.  Car- 
penter was  appealed  to  for  his  views  as  to  why  the  furnace  heating 
system  was  reputed  to  be  extravagant  in  the  consumption  of  fuel. 
He  attracted  considerable  attention  by  stating  that  it  was  not  ex- 
travagant when  the  ventilation  is  taken  into  account.  He  said  it  was 
extravagant  in  over-ventilation,  and  that  there  was  no  occasion  to 
take  the  air  from  outdoors  in  connection  with  a  furnace  heating 
system ;  that  if  we  recirculated  the  air  through  the  house  and  through 
the  furnace  continually,  the  amount  of  coal  consumed  would  be 
very  much  reduced,  and  that  all  heating  systems  would  not  con- 
sume very  far  from  the  same  amount  of  fuel  for  heating  a  given 
building. 
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Mr.  Baker  here  a  good  many  years  later,  reiterates  this  point.  In 
the  analysis  of  a  heating  system  in  a  church  in  Connecticut  on 
which  Mr.  Macon  and  I  worked  together  several  years  ago,  we  found 
that  a  furnace  which  recirculated  the  air  was  really  doing  more 
than  twice  as  much  work  as  the  furnace  which  took  the  air  from 
outdoors.  In  that  church  there  were  two  furnaces,  one  getting  its 
return  air  supply  through  a  floor  register  in  front  of  the  pulpit,  and 
it  discharged  the  air  after  it  had  been  heated,  from  a  vertical  register 
in  the  front  wall  of  the  pulpit  platform ;  the  other  furnace  was  in  an- 
other portion  of  the  church  and  took  its  air  supply  from  out  of 
doors.  It  was  very  easy  to  see  by  analysis  that  in  the  circulation  of 
air  one  furnace  did  more  than  twice  as  much  work  in  the  heating 
of  that  church  as  the  other  one  did.  Thus,  so  far  as  this  point  is 
concerned,  there  is  everything  in  practice  to  support  the  contention 
which  Mr.  Baker  makes. 

J.  D.  Hoffman  :  The  additional  expense  in  placing  a  fresh  air 
connection  with  the  furnace  job  is  very  small  and  I  think  every 
furnace  should  have  a  fresh  air  connection  and  damper,  with  the 
return  connection,  so  that  the  operator  can  use  either  one  he  wants. 
Take  the  average  residence  of  eight  rooms  and  bath ;  assume  the 
heat  loss  to  be  about  100,000  B.  t.  u.,  which. is  the  approximate  figure 
of  a  specific  case  that  comes  to  my  mind.  The  amount  of  air  circu- 
lated per  hour  is  90,000  cu.  ft.  If  ten  people  inhabit  the  house,  the 
greatest  amount  of  ventilation  that  they  would  require  would  be 
18,000  cu.  ft.  per  hour,  or  approximately  one-fifth  of  the  total 
amount  of  air  circulated  by  the  furnace.  If  they  were  to  take 
the  air  all  from  the  outside  on  a  zero  day,  the  total  heat  loss  would 
be  about  214,000.  If  they  take  only  18,000  cu.  ft.  from  the  outsjde 
and  recirculate  the  balance,  they  will  save  about  122,000  B.t.u.  So 
with  theoretically  sufficient  ventilation  for  the  ten  people  we  are 
cutting  down  the  heat  loss  from  214,000  to  122,000.  These  figures 
are  for  a  zero  day  and  show  that  when  the  weather  is  cold,  es- 
pecially with  the  present  coal  condition  of  the  country,  no  heating 
engineer  would  advocate  taking  all  the  fresh  air  from  the  outside. 
On  the  other  hand  the  fresh  air  connection,  which  costs  very  little 
to  install,  should  be  put  in  so  that  when  the  weather  warms  up  a 
little  and  the  householder  wants  to  turn  in  an  increased  amount  of 
fresh  air  he  can  do  so. 

W.  S.  Tim  MIS  :  In  connection  with  this  matter  of  recirculating  air, 
consider  an  ordinary  eight  room  house  with  rooms  12  by  12  and  10  ft. 
high  containing  about  11,520  cu.  ft.  Assume  that  the  bath-room  con- 
tains 500  cu.  ft.,  which  gives  approximately  12,020  cu.  ft.     If  there 
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is  air  leakage  in  that  house  enough  to  change  the  air  once  an 
hour,  they  will  get  a  fresh  air  supply  of  12,020  cu.  ft.,  which  if  prop- 
erly distributed  is  sufficient  for  the  average  family. 

The  installation  of  recirculation  ducts  is  very  essential  to  secure 
proper  distribution  of  that  air  leakage.  In  order  to  take  the  heat 
from  the  cellar  and  assist  in  recirculation  I  would  suggest  the  use 
of  an  ordinary  12  in.  disk  fan  in  the  recirculating  duct;  this  will 
move  1000  cu.  ft.  of  air  per  minute,  and  produce  a  complete  air 
change,  theoretically,  in  twelve  minutes,  a  complete  diffusion  of  the 
air  within  the  house.  There  will  be  a  proper  diffusion  of  the  new 
air  that  comes  in.  The  use  of  a  fan  in  the  recirculating  duct  will 
positively  recirculate  the  air;  it  will  take  the  heat  from  the  cellar 
and  place  it  in  the  rooms  where  it  is  needed. 

One  of  the  reasons  for  opening  the  outside  air-box  is  to  get  the 
dynamics  for  the  movement  of  the  air  up  into  the  rooms ;  this  is 
more  costly  and  not  as  effective  as  a  fan  in  very  cold  weather. 

Frank  K.  Chew:  This  was  brought  to  the  attention  of  the 
Society  by  Mr.  F.  N.  Jewett  at  a  summer  meeting  in  Chicago.  He 
had  put  an  ordinary  disk  fan  in  the  cold  air  supply  duct  of  his 
furnace  and  had  found  that  an  hour  in  the  morning  when  he  wanted 
to  heat  up  the  house,  and  an  hour  in  the  afternoon  when  the  sun 
commenced  to  set  and  a  chill  was  felt,  was  about  all  the  time  he 
needed  to  turn  on  the  fan.  At  those  times  the  peak  of  the  demand 
was  taken  care  of  by  a  more  active  circulation,  or  the  driving  of 
more  air  over  the  heating  surfaces,  so  as  to  absorb  the  heat  from 
the  furnace  and  bring  it  where  it  was  needed.  So  that  what  Mr. 
Timmis  says  here  is  following  along  the  line  of  some  of  the  pioneers 
in  that  sort  of  thing,  and  yet  it  has  not  become  by  any  manner  of 
means  a  common  practice  in  the  furnace  trade. 

Fans  with  furnaces  have  been  used  in  churches  quite,  considerably, 
and  they  have  been  of  great  advantage  in  the  summer  season,  when 
a  large  congregation  at  some  service  would  give  off  a  lot  of  heat, 
and  also  vitiate  the  air.  Then  the  use  of  the  fan  prevented  faint- 
ings  and  that  sort  of  trouble,  besides  making  the  church  more  com- 
fortable. This  was  brought  to  my  attention  particularly  by  a  church 
architect  who  followed  up  the  fan  furnace  system  in  churches  con- 
siderably and  cited  to  me  three  instances  of  fan  furnace  heating 
systems  in  Connecticut  churches. 

Willis  H.  Carrier  :  In  reference  to  recirculation  and  increas- 
ing the  circulation  by  means  of  fans,  I  had  some  years  ago  an  oppor- 
tunity to  help  out  a  friend  of  mine  who  was  having  trouble  after  he 
had  enlarged  his  house  and  could  not  get  circulation  from  a  hot  air 
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system.  We  put  in  at  that  time  an  ordinary  centrifugal  fan,  operat- 
ing at  about  Y^  in.  to  ^  in.  pressure,  not  high  enough  to  have  any 
influence  in  the  room.  The  air  was  carried  into  two  or  three  nozzles 
— about  1^/2  to  2  in.  opening.  A  relatively  small  quantity  of  air 
was  discharged  with  injector  effect  into  the  return  air  duct  a  little 
way  before  it  entered  the  furnace  on  a  horizontal  run.  This  in- 
creased the  circulation  of  air  many  fold,  and  yet  not  enough  to  cause 
unpleasant  drafts  at  the  registers. 

This  was  better  than  a  disk  fan  for  the  reason  that  it  did  not  re- 
quire any  reconstruction  of  the  duct  and  it  did  not  offer  any  ob- 
struction in  the  duct  when  it  was  not  in  use.  And  just  as  has  been 
said,  it  was  only  necessary  to  start  that  fan  up  a  little  while  in  the 
morning  and  the  whole  house  would  be  warmed  thoroughly  and 
uniformly.  In  very  cold  weather  it  could  be  operated  at  any  time 
they  wanted  to  get  quick  heating.  They  avoided  the  trouble  of 
stratification  of  air,  owing  to  more  rapid  mixture  and  circulation  of 
the  air.  The  air  was  recirculated  from  the  rooms,  and  a  very  small 
portion  taken  from  the  outside. 

H.  M.  Hart:  I  would  like  to  ask  if  the  introduction  of  that  in- 
jector system  overcame  the  uneven  distribution  of  heat  which  we 
so  often  find  in  a  large  house,  and  if  it  delivered  the  air  to  the  far 
points  ? 

W.  H.  Carrier  :  Yes,  but  it  is  altogether  because  they  have  enough 
force  available ;  it  does  not  depend  on  the  heat.  The  trouble  with 
the  ordinary  system  is,  they  try  to  heat  too  much  of  a  house  with  a 
gravity  system,  and  a  gravity  system  will  not  work.  A  hot  air 
gravity  system  will  not  work  upward  in  a  long  line.  It  must  be  a 
small,  compactly  built  house  to  get  the  best  results,  or  else  have 
more  than  one  furnace.  When  there  is  a  force  outside  of  gravity  it 
does  not  make  any  difference  whether  the  tendency  of  the  air  is 
actually  to  go  that  way ;  the  air  is  forced  there. 

Frank  K.  Chew  :  I  do  not  find  in  the  paper  by  Mr.  Baker  any- 
thing on  the  design,  which  to  my  mind  is  of  vital  importance.  The 
furnace  often  is  said  to  be  not  large  enough ;  it  may  not  be, 
but  it  is  close  to  large  enough.  The  pipes  to  heat  the  various  rooms 
are  made  sufficiently  large  in  the  basement,  but  when  they  connect 
with  the  riser,  it  slows  down  the  velocity.  They  connect  a  10  in. 
pipe  with  a  78  sq.  in.  of  area  to  a  oj/  by  10  in.  riser  pipe,  which 
is  quite  common  practice.  When  there  is  nothing  to  make  a  flow 
except  a  dift'erence  in  the  weight  of  two  columns  of  air,  such  an 
abrupt  change  in  area  and  also  in  shape,  from  round  to  rectangular, 
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will  almost  stop  the  heating.  Now  you  can  see  why  Jesse  McHenry 
recommended  to  the  furnace  manufacturers  a  code  which  would 
provide  that  no  riser  should  have  a  greater  width  than  twice  its 
depth ;  then  with  3  in.  depth  from  front  to  back  it  could  not  be  more 
than  6  inches  wide,  if  such  a  code  were  put  in  operation. 

This  is  really  a  good  reason  for  lots  of  furnaces  being  unsatis- 
factory. The  only  way  a  house  can  be  heated  with  so  little  air  com- 
ing in  is  to  have  the  air  at  a  high  enough  temperature  so  that  it  forces 
through;  then  it  goes  to  the  ceiling  and  stratifies,  as  Mr.  Carrier 
says,  and  it  is  hot  up  there  and  not  down  below  where  the  people 
are.  That  also  gives  it  a  capacity  for  moisture  that  it  did  not  have 
before,  and  the  necessity  for  humidity  becomes  greater. 

The  common  practice  of  using  the  space  between  the  studs  for 
the  hot  air  riser  is  one  of  the  things  that  needs  to  be  changed.  We 
must  hustle  with  the  architects  and  builders,  and  possibly  do  as  Mr. 
Collamore  says,  make  the  owner  realize  that. 


No.  496 

ECONOMY  IN   HEATING 

By  Konrad  Meier,  Winterthur,  Switzerland 
Member 

THE  war  prices  of  fuel  have  undoubtedly  become  the  most 
potent  factor  inducing  the  conservation  of  the  available 
supply.  They  have  raised  no  end  of  suggestions  as  to  pos- 
sible savings,  real  and  imaginary,  large  and  small,  more  or  less  use- 
ful and  practical.  With  the  prospect  of  a  severe  winter,  so  far 
giving  us  temperatures  considerably  below  the  normal,  we  are 
forced  to  get  along  with  barely  one-half  of  the  usual  supply  of 
coal  (not  yet  secured — December,  1!)17),  and  of  inferior  quality, 
capable  of  producing  less  than  one-third  of  the  heat  used  in  former 
seasons.  As  other  fuels  are  equally  scarce  in  urban  districts  and 
electric  current  from  hydraulic  plants  is  not  available  for  heating 
to  any  extent,  the  problem  is  not  an  easy'one,  but  we  hope  to  get 
through  the  winter  without  actual  distress — mainly  by  dint  of  fair 
distribution,  governmental  regulations  and  the  utmost  utilization  of 
the  fuel  at  hand. 

As  on  this  side  of  the  Atlantic  the  price  of  coal  has  always  been 
higher  and  the  scarcity  was  felt  a  season  or  two  before,  the  United 
States,  although  surely  alive  to  the  situation,  may  still  profit  here 
and  there  by  our  experience.  Hence  this  paper,  which  does  not 
pretend  to  be  comprehensive  or  exhaustive,  but  merely  touches  the 
subject  from  different  points  of  view,  which  may  be  mentioned 
briefly  as  concerning  the  requirements,  the  produetion  and  the 
application  of  the  heat. 

THE  HEAT  REQLHREMEXTS 

It  is  well  known,  that  in  countries  having  cold  winters,  living 
quarters  are  generally  heated  to  a  higher  degree  than  is  felt  neces- 
sary where  the  climate  is  milder.  This  fact  is  probably  not  alto- 
gether due  to  acquired  habits  or  better  development  of  the  heating 
industry,  although  these  play  their  part,  but  it  is  based  on  the 
legitimate  desire  for  warming  up  inside  when  coming  in  out  of  the 
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severe  cold.  The  brisker  atmospheric  conditions  of  the  northern 
and  middle  states  for  that  reason  probably  do  call  for  somewhat 
higher  indoor  temperatures  than  have  normally  been  customary  in 
most  of  Europe.  On  the  other  hand,  the  climate  of  the  eastern 
states  does  not  dififer  materially,  for  instance,  from  that  of  the 
hill  country  of  Switzerland,  where  the  standard  temperature  for 
living  rooms  is  18  deg.  cent.  =  64.4  deg.  fahr.,  as  compared  to  the 
70  deg.  fahr.  customary  in  the  United  States.  The  war  regulations 
issued  this  fall  for  the  heating  of  all  buildings  now  provide,  that  in 
such  rooms  the  temperature  shall  not  exceed  16  deg.  cent.  =  60.8 
deg.  fahr.  Owing  to  the  early  winter,  the  unusual  cold  and  the 
failing  supply  of  coal,  even  this  temperature  is  now  considered 
luxurious.  For  other  rooms  the  standard  has  been  reduced  still 
further  and  the  number  of  rooms  that  may  be  heated  at  all  in  one 
dwelling  is  restricted.  The  heating  of  halls  and  stairways  is  stopped 
altogether.  A  number  of  school  buildings  and  churches  are  closed 
for  want  of  fuel,  the  work  being  concentrated  in  those  that  are 
more  easily  heated.     Fall  and  winter  vacations  have  been  extended. 

These  are  only  a  few  of  the  measures  taken,  which  are  really 
heeded,  because  there  is  little  prospect  of  filling  the  nearly  empty 
bunkers  before  spring.  They  have  resulted  in  the  experience,  that 
room  temperatures  of  around  60  deg.  fahr.  are  found  to  be  quite 
sufficient  and  comfortable  and  55  deg.  fahr.  bearable,  where  for- 
merly 65  deg.  fahr.  were  insisted  upon.  The  saving  in  fuel 
obtained  thereby  is  greater  than  would  appear  at  first  thought, 
because  the  average  difference  between  indoor  and  outdoor  temper- 
ature is  not  the  only  factor  bearing  on  the  heat  requirement.  For 
a  mtean  winter  temperature  of  for  instance  35  deg.  fahr.,  the  aver- 
age difference  to  be  maintained  is  65  —  35  =:  30  deg.  fahr.,  which 
becomes  reduced  to  60  —  35  =  25  deg.  fahr.  But  the  thermal 
units  to  cover  this  will  amount  to  less  than  83  per  cent  as  cor- 
responding to  the  temperature  difference,  owing  to  the  shortened 
heating  season  and  the  prolongation  of  the  periods  for  which 
interior  heat  sources  and  reserve  will  suffice.  Moreover  there  is  a 
decidedly  reduced  tendency  to  indraught  and  updraught,  that  is, 
for  natural  ventilation  generally.  The  saving  of  fuel  through  a 
general  lowering  of  room  temperatures  by  5  deg.  fahr.  may  there- 
fore be  estimated  to  be  about  20  to  25  per  cent  of  the  normal  con- 
sumption, while  the  reduction  or  omission  of  the  heat  service 
for  the  unimportant  rooms  is  likely  to  bring  from  10  to  15  per 
cent  more. 

Considering  the  more  generous  habits  of  the  American  people, 
it  would  seem,  that  even  greater  economies  might  be  possible  by  a 
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departure  from  the  high  standard  of  70  deg.  fahr.  heretofore  main- 
tained. When  introduced  gradually  or  at  the  beginning  of  the 
season,  indoor  temperatures  of  Go  deg.  fahr.  or  even  less,  will  surely 
be  found  acceptable  without  the  necessity  to  resort  to  heavier  cloth- 
ing, which  the  war  temperatures  below  60  deg.  fahr.  do  involve. 
Such  lowering  of  room  temperatures  as  one  may  become  accus- 
tomed to  without  material  change  as  to  nourishment,  clothing  and 
occupation,  is  likely  to  prove  beneficial  in  more  than  one  way.  It 
would  above  all  prevent  that  extreme  dryness  of  the  indoor  air, 
which  is  often  merely  the  consequence  of  overheating.  With  inter- 
rupted or  reduced  service  at  night,  it  would  also  avoid  the  exces- 
sive drying  of  buildings  and  their  furnishings,  which  increases 
and  dries  the  dust  and  often  makes  the  room  air  stufify  and 
unwholesome.  Lower  room  temperatures  also  reduce  the  tendency 
to  cold  draughts  from  tall  windows  and  other  cold  surfaces.  On 
the  other  hand,  they  favor  the  natural  upward  air  circulation  around 
the  human  body,  which  has  been  recognized  as  being  conducive  to 
health.  Ventilating  problems  are  made  easier  in  several  respects 
and  overheating  is  less  likely  to  occur. 

For  similar  reasons,  it  will  pay  to  consider  to  what  extent  the 
heating  service  should  be  interrupted  or  reduced  at  night,  and 
between  periods  of  occupancy  in  general.  While  it  is  probable  that 
continuous  heating  has  often  been  carried  further  than  advisable 
for  best  results,  such  reduction  is  not  indicated  in  every  case  and 
should  depend  on  the  system  of  heating,  the  building  construction, 
the  periods  of  occupancy  and  other  factors.  With  steam  heat, 
interruption  seems  indicated  most  generally.  The  only  question  is, 
whether  fires  should  be  banked  at  night  or  allowed  to  burn  out. 
For  outdoor  temperatures  down  to  about  40  deg.  fahr.  (reading 
at  9  P.  M.)  the  latter  has  been  found  more  advantageous  and  is 
in  fact  now  made  compulsory.  W^herever  wood  is  obtainable  for 
restarting  the  fires  every  day,  it  will  probably  pay  to  stop  them  over 
night  in  most  of  the  steam  plants  of  moderate  size  until  freezing 
weather  sets  in,  provided  the  plant  is  ample  to  allow  reheating 
within  a  reasonable  time.  With  hot  water  heat,  which  gives  a 
better  utilization  of  banked  fires,  interrupted  service  will  pay  only 
in  mild  weather,  unless  the  occupancy  of  the  building  is  restricted 
to  a  few  hours  daily  or  conditions  are  favorable  to  rapid  reheating. 

But  apart  from  the  question  of  fuel  economy,  a  reduction  or 
interruption  of  the  heating  over  night  is  generally  desirable  in 
order  to  prevent  excessive  drying  of  the  building  and  its  contents, 
provided,  of  course,  the  latter  do  not  for  special  reasons  require 
constant  conditions  of  temperature  and  humidity.     Even  for  dwell- 
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ings,  hotels  and  hospitals,  that  are  occupied  continuously,  certain 
daily  fluctuations  of  temperature  seem  desirable  rather  than  other- 
wise. General  experience  and  some  noted  medical  authorities 
agree  on  that  point.  Properly  timed  interruption  can  also  be 
taken  advantage  of  to  assist  the  heating  and  ventilating  service  for 
halls,  churches  and  schools,  the  idea  being  to  let  such  places  cool 
off  to  a  certain  degree  when  not  in  use,  and  to  heat  them  rapidly, 
though  not  too  high,  before  occupancy,  so  that  the  bulk  of  the 
walls  will  not  have  time  to  get  warmed  up  thoroughly,  but  will 
absorb  considerable  heat  later  on,  when  desirable  to  offset  the  heat 
given  off  by  the  human  bodies.  Timely  underheating  may  thus 
prevent  overheating  and  be  of  double  benefit. 

It  should  go  without  saying,  that  interruption  of  heating  ought 
not  to  be  carried  so  far  as  to  involve  the  subsequent  forcing  of 
the  fires,  which  might  quickly  offset  the  economies  attempted.  Ample 
apparatus,  in  boilers  as  well  as  radiation,  is  a  distinct  advantage  in 
this  respect.  The  capacity  of  heating  plants  should  in  fact  be 
determined  largely  with  a  view  to  ready  reheating  and  responsive 
service  generally.  For  these  reasons  the  writer  wishes  to  state 
explicitly,  that  while  recommending  lower  room  temperature  as  a 
permanent  standard,  he  does  not  favor  any  reduction  of  boilers  or 
radiating  surfaces  in  new  plants  that  may  be  calculated  on  such 
basis.  Apparatus  presumed  to  maintain  70  deg.  in  coldest  weather, 
even  with  fair  allowance  for  natural  ventilation,  has  generally 
proved  none  too  ample.  It  would  be  just  about  right  for  reduced 
duty.  Nevertheless  it  would  seem  advisable  to  adopt  and  specify 
say  G5  deg.  fahr.  in  place  of  the  customary  70  deg.  in  order  to 
educate  the  public  as  to  the  proper,  legitimate  and  economical 
requirement.  The  standard  to  be  adopted  might  very  well  be  made 
the  object  of  an  inquiry,  which  should  include  the  experiences  gained 
during  the  coal  famine.  The  desired  ample  capacity  of  apparatus 
could  always  be  obtained  on  other  grounds,  which  it  would  seem 
perfectly  feasible  to  define.  For  steam  heat,  this  might  be  done  by 
stipulating  that  certain  results  are  to  be  attained  while  keeping  up 
the  stated  pressure  for  a  certain  number  of  hours  out  of  the  24, 
the  time  to  be  shorter  when  quick  reheating  is  desired  or  when  the 
performance  is  to  be  established  at  outside  temperatures  and  con- 
ditions that  do  occur  in  every  heating  season.  For  hot  water 
heating,  the  limit  of  flow  temperature  could  be  set  correspondingly 
lower,  with  a  stipulation  as  to  reheating  to  compel  the  desired 
boiler  capacity. 

HEAT  PRODUCTION 

The  economical  generation  of  heat  is  dependent  on  a  number  of 
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factors,  of  which  only  the  most  essential  ones  can  briefly  be  touched  • 
(a)  the  selection  of  the  fuel,  (b)  the  boiler,  (c)  its  installation, 
and  (d)  the  operation  of  the  plant. 

For  existing  apparatus,  the  question  of  hard  or  bituminous  fuel 
IS  practically  determined  by  the  type  of  boiler  at  hand.  While  it 
may  be  tempting  and  sometimes  desirable  to  use  the  cheaper  grades 
of  coal  for  house  heating,  it  is  a  mistake  to  do  so,  unless  the  plant 
is  or  can  be  adapted  to  them,  because  poor  combustion,  extra  labor 
and  probable  repairs  would  be  more  than  likely  to  offset  any  savings 
expected.  Aside  from  that,  there  might  be  danger  from  coal  gas 
which  IS  not  to  be  trifled  with. 

The  most  likely  fuel  for  house  heating,  which  perhaps  ought  to 
be  tried  more  in  place  of  anthracite,  is  coke,  such  as  used  almost 
exclusively   m   continental    Europe,    where    the   better   grades    and 
suitable  sizes  of  hard  coal  have  long  been  too  expensive.    When  of 
good  quality,  it  gives  little  ash  and  clinker.     Its  principal  disad- 
vantage  with    boilers    intended    for   coal,    lies    in    the   bulk    which 
requires  an  ample  fire  box  or  more  frequent  charging.     However 
a  deeper  bed  may  be  carried  than  with  soft  or  hard  coal      Coke 
may  be  mixed  with  anthracite  or  used  alone  in  most  boilers  desicmed 
for  the  latter  fuel,  if  proper  attention  is  paid  to  a  clean  and  cool 
grate,  especially  when  there  is  a  tendency  to  clinker.     Wherever 
obtainable  in  good  quality,  coke  should  be  preferred  to  bituminous 
tuels,   not  so   much  because  the  latter  demand   specially  adapted 
boilers  and  more  attention  at  best,  but  on  account  of  the  fact  that 
the  volatile  constituents  of  the  soft  coals  are  too  valuable  nowadays 
to  be  used  as  common  fuel.     They  should  be  separated  in  the  coke 
ovens,  whereupon  the  coke  may  be  burned  to  advantage.    After  fair 
trial  It  should  on  the  whole  be   found   satisfactory   for  domestic 
heating,  when  boilers  and  grates  have  been  adapted   for  handling 
It  irrespective  of  quality.  "^ 

The  selection  of  the  boiler  is  a  question  that  bears  mainly  on  new 
mstal  ations,  although  sometimes  it  will  pay  to  replace  an  unsuitable 
type  for  one  that  will  give  better  utilization  or  will  allow  another 
fue  to  be  burned.  In  any  event,  it  can  do  no  harm  to  repeat  some 
of  the  principles  that  should  guide  the  selection,  as  they  are  too 
often  lost  sight  of  when  commercial  considerations  are  involved 
1  he  latter,  indeed,  are  largely  responsible  for  the  low  average  of 
efficiency,  which  house  heating  boilers  are  generally  credited  with. 
While  he  lack  of  intelligent  and  careful  operation  is  also  a  con- 
siderable factor,  the  difference  between  50  per  cent  utilization,  which 
IS  probably  not  exceeded  on  the  average  and  the  65  to  70  per  cent 
efficiency,  that  might  reasonably  be  reached  in  practice  and  would 
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save  from  20  to  25  per  cent  of  the  U.  S.  fuel  bill  for  house  heat- 
ing, is  in  greater  part  due  to  the  apparatus  itself.  To  that  extent, 
the  heating  engineers,  contractors,  manufacturers  and  often  also  the 
owners  in  reality  share  the  responsibility  for  unnecessary  losses. 

The  selection  of  the  boiler  is  a  matter  of  size,  as  well  as  of 
design.  In  reference  to  the  former,  the  mistake  is  most  frequently 
made  in  the  direction  of  smaller  capacity  than  is  desirable  for  the 
best  utilization  of  the  fuel.  Quite  aside  from  first  cost,  this  happens 
very  often,  because  the  actual  heat  requirements  had  been  under- 
estimated, be  it  on  account  of  leaky  building  construction,  the  omis- 
sion of  proper  allowance  for  the  unavoidable  natural  ventilation, 
greater  heat  losses  in  transit,  or  other  factors.  Although  supposed 
to  be  calculated  for  coldest  weather,  which  rarely  occurs,  boilers 
are  often  found  to  be  heavily  taxed  under  ordinary  winter  condi- 
tions, especially  for  the  duty  of  reheating,  which  should  really 
determine  their  capacity.  This  waste  of  fuel,  which  inadequate 
boilers  may  entail,  is  not  only  evident  in  the  higher  resulting  fllue 
temperature.  It  is  caused  also  by  the  excessive  variations  in  the 
bed  of  fuel  or  the  conditions  for  combustion,  which  are  most 
favorable  with  a  moderately  charged  grate.  A  high  rate  of  combus- 
tion also  makes  it  more  difficult  to  keep  the  fires  clean  and  even. 

The  size  of  the  boiler  and  particularly  of  the  fire  box  is  also 
important  in  reference  to  the  kind  of  fuel.  The  cheaper  grades 
having  lower  heating  value  and  coke  require  more  space  for  equal 
performance  and  periods  of  charging.  Bituminous  fuels  must 
above  all  have  ample  room  for  combustion,  no  matter  what  the 
particular  design  of  the   furnace  may  be. 

The  types  of  house  heating  boilers  on  the  market  show  wide 
variations  in  proportions  and  other  features.  Any  of  those  that 
have  survived  can  give  at  least  fairly  economical  service,  when 
applied  under  conditions  suited  to  them.  Most  of  them  are  more 
or  less  adaptable  to  conditions.  Unfortunately,  the  selection  and 
adaptation  are  not  always  made  to  suit  the  case  in  hand.  It  is 
generally  conceded  that  the  economical  operation  of  a  boiler  is 
largely  dependent  on  the  proper  handling  of  the  draught,  which 
determines  the  excess  of  air  and  the  heat  escaping  through  the 
flue,  or  the  largest  item  of  losses.  A  boiler  with  a  small  grate, 
heavily  charged  and  several  smoke  passes  for  the  gases  to  wind 
themselves  through,  requires  high  flue  temperature,  especially  when 
the  area  and  height  of  the  chimney  are  given  and  are  perhaps  smaller 
than  desirable.  In  such  a  case  it  will  make  a  decided  difference 
in  the  resulting  flue  temperature,  and  losses  are  correspondingly 
reduced,  if  a  boiler  with  relatively  large  grate,  good  prime  sur- 
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faces  and  short  smoke  passes  is  selected.  If,  on  the  other  hand, 
such  a  boiler  is  used  where  an  excessive  draught  is  available,  it  is 
likely  to  prove  a  "coal  eater,"  unless  special  provision  is  made  for 
checking  the  draught  and  the  attendance  be  intelligent  and  reliable. 

It  cannot  be  denied,  that  with  the  usual  check  draughts,  an  excess 
of  air  is  handled  in  the  flue  at  the  cost  of  additional  heat  expended. 
These  check  draughts  should  therefore  be  relied  upon  as  little  as 
possible.  A  boiler  that  requires  little  draught  is  generally  prefer- 
able, because  it  will  do  its  work  at  lower  flue  temperatures.  Con- 
trol of  the  draught  should  be  mainly  through  the  ash  pit.  Settings 
should  be  tight  enough  to  allow  this.  Excess  may  then  be  checked 
by  a  damper  in  the  breeching.  Boilers  requiring  a  strong  draught 
should  be  used  only  where  the  chimney  is  tall  and  ample  in  size. 

The  important  duty  of  the  heating  engineer  is,  therefore,  to  select 
a  boiler,  that  will  be  suited  to  the  draught  available  (which  can  be 
estimated),  the  fuel  and  the  working  conditions  in  general. 

The  operation  of  heating  apparatus  is,  of  course,  also  a  material 
factor  in  fuel  economy.  It  is  really  a  chapter  by  itself,  which  can- 
not be  treated  adequately  in  a  short  paper.  As  neither  engineers 
nor  contractors  are  directly  interested,  the  subject  ought  perhaps 
to  be  taken  up  by  the  Society  in  the  interest  of  conservation  and  the 
industry  in  general.  A  set  of  rules  or  hints  might  be  agreed  upon, 
which  could  be  sent  out  by  engineers  and  contractors  to  their 
respective  customers,  new  and  old,  or  be  made  public  in  other  ways. 
They  should  carry  more  authority  than  individual  efforts  and  would 
be  a  step  in  the  necessary  campaign  for  the  education  of  the  public 
in  heat  economy. 

THE    APPLICATION    OF    THE    HEAT 

At  first  thought,  the  manner  of  applying  a  certain  amount  of 
heat,  as  considered  necessary  for  keeping  a  room  comfortable, 
would  seem  to  many  a  trivial  and  subordinate  point,  but  as  a  matter 
of  fact,  the  ways  and  means,  as  well  as  the  time  for  heating,  bear 
largely  on  the  heat  requirement  itself  and  therefore  on  the  coal 
bill.  While  in  many  cases,  the  engineer  has  but  little  choice  and 
can  not  always  do  what  might  be  best,  there  are  plenty  of  other 
instances,  where  considerations  of  that  order  will  be  worth  while. 

To  illustrate,  it  will  be  necessary  to  return  to  first  principles. 
Beginning  with  the  camp  fire,  intended  to  warm  up  the  man,  the 
open  fire  place  to  temper  also  the  room,  and  the  stove  around  which 
to  gather  and  incidentally  heating  parts  of  a  dwelling  or  shop,  we 
have  ended  by  heating  the  entire  building,  sometimes  to  an  extent 
and  degree  which  is  detrimental  to  both  building  and  man.     We 
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have  been  exaggerating.  We  should  again  put  to  ourselves  the 
question,  how  far  is  it  really  necessary  to  heat  a  building  in  order 
to  secure  comfort  and  health,  as  well  as  for  highest  efficiency. 

Modern  conditions  demand,  of  course,  that  we  shall  give  the 
tenants  of  a  building  comfort  wherever  they  might  require  it. 
Nevertheless,  it  is  possible  to  concentrate  the  heating  effect  in  such 
places  and  at  such  times  as  most  needed — for  instance  where  people 
are  likely  to  rest  or  study,  while  localities  that  are  used  only  in 
a  transient  way  should  receive  no  more  than  a  tempering.  To  carry 
out  this  idea,  we  should  see  to  it,  for  instance,  that  living  and 
working  rooms  have  a.  moderately  warm  floor  and  that  the  radiation 
is  applied  in  agreeable,  mild  form,  allowing  direct  action  in  about 
the  right  place.  It  will  be  found,  that  the  general  heating  of  the 
room,  for  equal  feeling  of  comfort,  may  then  be  kept  down  appre- 
ciably. Anyone  may  try  this  by  using  an  electric  footwarmer  while 
at  the  same  time  lowering  the  room  temperature  to  a  point  where 
discomfort  sets  in.  Although  sensitive  to  cold,  the  writer  feels 
comfortable  with  the  general  room  temperature  at  56  to  58  deg. 
fahr.  as  long  as  the  feet  are  kept  warm.  .With  somewhat  heavier 
clothing,  office  work  is  possible  with  only  50  deg.  fahr. 

Similar  observations  have  been  made  by  other  people  with  satis- 
faction and  surprise.  As  the  heat,  thus  locally  applied  by  a  foot- 
warmer  amounts  to  only  120  B.t.u.  per  hour,  while  the  difference 
in  the  heat  transmission  for  the  entire  room  through  the  lowering 
of  its  temperature  may  easily  run  up  to  1,200  B.t.u.  per  hour,  the 
saving  of  heat  is  evident.  The  cost  of  the  current  may.  of  course, 
offset  the  saving  in  fuel,  but  the  fact  remains,  that  comfort  is  being 
secured  with  much  less  heat  than  is  usually  assumed.  As  it  does  not 
seem  out  of  question  to  secure  similar  effects  with  ordinary  appa- 
ratus, through  appropriate  disposition  of  piping  under  floors  and 
suitable  location  of  radiators,  the  possibility  of  saving  heat  by  local 
application  seems  demonstrated. 

In  carrying  out  this  principle,  the  economical  and  in  some  respects, 
the  ideal  way  of  heating  a  dwelling  would  be  to  temper  the  whole, 
perhaps  from  50  to  60  deg.  fahr.  (according  to  the  use  of  the  room), 
thereby  cutting  the  average  difference  to  be  maintained  by  about 
one-third  and  raising  the  efficiency  of  the  boiler.  Any  additional 
heat  needed  might  be  applied  locally  by  fire  places  or  portable 
electric  heaters,  when  and  where  required.  With  hot  water  heating 
this  would  result  in  very  moderate  surface  temperatures  and  ideal 
air  condition  generally. 

Experiments  have  lately  been  made  concerning  the  best  location 
of  a  radiator  in  the  room,  whereby  the  comparative  rate  of  heat 
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emission  was  determined.  In  the  opinion  of  the  writer,  such  tests 
should  also  establish  the  best  place  for  the  radiator  in  reference  to 
the  amount  of  heat  required  to  secure  comfortable  conditions  for 
particular  parts  of  the  room,  for  instance  near  the  windows,  where 
this  is  most  essential.  It  might  be  found,  for  example,  that  the 
interior  location  of  high  radiators  calls  for  decidedly  more  heat  than 
low  single-column  heating  surfaces  underneath  the  windows,  because 
the  former  radiates  less  and  heats  more  air,  which  rises  to  the  ceil- 
ing and  creates  a  current  of  cold  air  from  the  outside  wall.  The 
result  is  a  cold  floor  and  a  hot  ceiling  with  considerable  leakage 
overhead  and  indraught  through  doors  and  windows.  The  extent 
to  which  these  conditions  may  be  felt,  depends,  of  course,  largely 
on  the  surroundings  of  the  room,  but  it  is  certain  that  losses  are 
involved  through  the  unequal  distribution  or  the  irrational  placing 
of  the  heat.  In  many  cases  the  same  comfort  cannot  be  secured  at 
all  with  radiators  on  the  inside  walls. 

Another  illustration  of  the  principle  of  direct  and  local  applica- 
tion is  presented  by  the  recent  electric  heating  installations  in  halls 
and  churches  where  services  are  held  but  once  or  twice  a  week. 
The  steam  heating  people  have  found  it  difificult  to  meet  the  com- 
petition of  the  electric  concerns,  because 'the  latter  were  proposing 
a  system  of  footwarmers,  intended  to  be  used  only  during  occu- 
pancy on  Sundays,  when  the  current  from  the  hydraulic  plants  is 
obtainable  at  reduced  rates.  Although  the  heat  unit  comes  higher 
even  then,  the  energy  that  is  needed  to  satisfy  the  congregation 
with  the  electric  equipment  is  but  a  fraction  of  that  usually  consid- 
ered necessary  for  heating  in  the  ordinary  zvay  by  water  or  steam. 
While  ideal  conditions  are  not  secured  by  such  footwarmers,  they 
will  give  sufficiently  good  service  in  many  cases  and  would,  imder 
present  conditions,  certainly  beat  all  other  propositions. 

This  result  is  due  entirely  to  the  manner  of  applying  the  heat, 
which  is  strictly  meeting  the  time  and  the  place.  This  is  indeed 
the  keynote  to  economy  in  heating,  which  ought  to  be  borne  in  mind 
for  the  planning,  as  well  as  the  operation. 

The  same  idea  suggests  also  that  better  means  be  provided  to 
hold  the  heat  within  buildings.  Present  methods  of  construction 
are  often  unsatisfactory  in  this  respect.  For  instance,  radiators 
should  have  proper  backing  to  prevent  excessive  heating  of  the  wall 
behind.  Rooms  in  general  should  have  good  insulation,  applied  on 
the  inside,  to  keep  the  walls  from  absorbing  heat  as  much  as  pos- 
sible. In  general,  the  subject  of  warmer  building  construction  would 
seem  to  deserve  more  attention  on  the  part  of  the  engineers.  The 
heating  profession  ought  to  be,  and  in  reality  can  afiford  to  be.  un- 
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selfish  in  this  regard,  since,  after  all,  reduced  heating  requirements 
will  make  it  possible  to  provide  better  apparatus  and  to  give  more 
satisfaction  in  general.  Finally,  it  should  be  borne  in  mind,  that 
even  with  reduced  heating,  it  is  still  a  question  whether  it  is  wise 
to  cut  down  the  radiation  correspondingly,  because  ample  surface 
always  has  the  advantages  of  moderate  temperature  and  of  giving 
greater  facility  of  reheating,  which  often  shortens  the  time  of  serv- 
ice and  thereby  helps  to  save  fuel. 

.Another  point  concerning  the  application  of  the  heat  is  the  choice 
of  the  system.  Hot  water,  steam  and  air  as  heat  carriers  differ  con- 
siderably in  respect  to  the  losses  in  transit  which  they  involve.  Hot 
air  is  the  most  difficult  to  treat  in  that  respect,  although  hot  blast 
gives  the  means  for  the  better  and  surer  placing  of  the  heat,  when 
properly  designed.  Such  apparatus  should  provide  the  swiftest 
transit  through  metal  ducts  surrounded  by  air,  with  compact  heat- 
ers inserted  into  these  ducts,  instead  of  the  customary  bulky  heat- 
ing chambers  and  air  ways  of  masonry,  which,  according  to  the 
situation,  may  absorb  a  very  large  portion  of  the  heat  to  be  han- 
dled. The  writer  knows  of  instances  where  more  than  half  of  the 
output  was  lost  around  the  stacks  and  underground  ducts.  The 
building  was  cold,  because  the  heat  did  not  get  to  where  it  7vas 
needed.  Instances  of  that  kind  are  common  and  may  be  found 
with  all  sorts  of  plants,  but  they  are  not  always  detected,  because 
plenty  of  heat  is  available  to  cover  the  losses.  With  coal  becoming 
dearer  and  scarcer,  there  is  every  reason  for  looking  into  this 
phase  of  heating. 

Resuming  briefly.  Substantial  economies  seem  possible  by  the 
reduction  of  the  requirements  as  to  temperature.  To  realize  these 
savings,  governmental  regulation,  as  a  war  measure,  may  be  the 
quickest  and  surest  way  and  be  of  lasting  benefit. 

The  possible  savings  in  the  heat  production  are  also  very  con- 
siderable. They  might  be  effected  by  a  campaign  of  education 
inaugurated  by  the  Society  and  covering  the  operation  of  the 
boilers,  the  heating  plants  in  general.  This  campaign  should  include 
the  suggestions  as  to  better  application  and  conservation  of  the 
heat,  which  could  be  based  on  investigations. 

Taken  altogether,  it  should  be  evident  that  a  very  large  reduc- 
tion of  the  fuel  consumption  should  be  attainable  through  regulation 
and  education,  without  causing  any  hardship  or  discomfort.  It 
will  merely  be  a  matter  of  getting  things  down  to  a  business  basis. 
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Note. — It  may  be  of  interest  to  the  members  to  learn  that  by  the  time  this 
is  presented,  the  measures  taken  by  the  City  authorities  at  Ziirich,  Switzer- 
land, as  mentioned  in  the  paper,  have  effected  a  saving  of  42  per  cent  of  the 
total  fuel  consumption  of  the  preceding  season.  This  includes  the  heating 
and  industrial  consumption.  For  the  former  alone  the  saving  is  slightly 
greater.  The  result  deserves  notice  all  the  more,  because  the  habits  of  the 
people  here  in  regard  to  heating  were  by  no  means  extravagant  before  the 
war  and  furthermore,  it  has  been  obtained  without  any  serious  suffering 
among  the  poor.  If  anything,  the  middle  classes  and  those  having  been  most 
economical  before,  have  had  the  worst  of  it,  because  the  available  supply  was 
divided  largely  according  to  previous  consumption. 

With  proper  measures  it  would  certainly  seem  possible  to  cut  the  U.  S. 
fuel  bill  for  heating  at  least  50  per  cent  without  any  detriment  to  health  and 
without  interfering  with  comfort  to  any  extent.  Whether  the  industrial  con- 
sumption, which  is  more  preponderant  in  America,  might  be  reduced  to  a 
like  extent,  seems  much  more  doubtful,  but  by  no  means  out  of  question,  if 
more  attention  is  paid  to  the  manner  of  applying  the  heat  and  to  possible 
reductions  in  the  requirements.  There  are  many  opportunities  in  that  direc- 
tion heretofore  unsuspected. 

DISCUSSION 

James  H.  Davis  :  It  seems  to  me  that  it  would  be  a  very  difficult 
matter  to  reduce  the  temperature  in  modern  buildings  when  the  units 
for  each  room  are  based  on  heating  to  70  deg.  in  coldest  weather, 
unless  automatic  temperature  control  is  provided.  Otherwise  the 
rooms  are  overheated  most  of  the  time  and  fuel  is  constantly  wasted. 
They  might  shut  the  steam  off  the  entire  building  during  certain 
hours,  or  if  the  risers  were  valved,  they  could  shut  off  portions  of  the 
building  requiring  the  least  heat. 

A.  S.  Armagnac  :  During  the  past  year  I  suppose  more  rules 
have  been  published  for  the  proper  operation  of  a  heating  plant, 
than  on  any  other  one  subject  connected  with  heating  work.  In  this 
paper  the  author  states  that  "control  of  the  draft  should  be  mainly 
through  the  ashpit."  That  comes  in  connection  with  the  rules  for 
running  a  heater  and  is  likely  to  be  given  wide  publicity.  I  find, 
however,  in  referring  to  the  address  of  Prof.  L.  P.  Breckenridge, 
at  the  Society's  last  Annual  Meeting,  that  he  said  in  so  many  words 
that  the  ashpit  door  can  just  as  well  be  thrown  away.  So  we  have 
two  diametrically  opposed  statements  in  the  same  number  of  the 
Journal  on  the  same  subject.  Both  of  these  gentlemen  are  prob- 
ably driving  at  the  same  thing,  but  the  average  man  in  reading  the 
two  papers  is  likely  to  be  confused. 

Frank  K.  Chew  :  I  think,  like  Konrad  Meier,  that  we  want  to 
regulate  the  draft.  To  go  back  to  the  times  when  we  first  burned 
coal  in  the  fire-brick-lined  sheet-iron  cyHnder  stove,  then  there  was 
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a  cover  to  the  ashpit  mouth  that  was  airtight.  We  could  put  the  fire 
out  by  shutting  it  off,  but  we  could  regulate  the  draft  by  means  of 
a  register  wheel,  far  better  than  you  could  any  modern  apparatus. 

I  have  been  in  this  stove  business  since  1875,  before  they  com- 
menced to  burn  soft  coal  all  sorts  of  ways.  I  think  Prof.  Brecken- 
ridge  used  this  point  to  accentuate  the  need  of  keeping  the  fire  hot 
in  the  heating  apparatus,  and  let  the  ashes  accumulate  in  the  bottom 
and  keep  the  heat.  The  ash  pit  door  is  an  essential  thing.  Some 
manufacturers  are  held  to  be  very  foolish  because  they  make  their 
castings  heavy  enough  for  a  ship.  Yet  P.  D.  Beckwith,  who  was  one 
of  the  most  successful  men  in  the  manufacture  of  heating  apparatus, 
made  his  first  fortune  by  grinding  the  ash  pit  doors  against  the  ash 
pit  face  so  that  they  were  practically  airtight.  And  they  go  further 
in  some  designs  and  grind  the  register  wheels  that  let  the  draft  air 
supply  in,  and  they  control  their  drafts  there,  not  at  the  chimney.  An 
ordinary  butterfly  damper  is  then  the  equal  of  any  check  draft  ever 
made.  And  when  we  regulate  the  ash  pit  door,  the  feed  door,  draft 
slide  and  the  butterfly  damper  in  the  smoke  pipe,  we  have  a  good 
thing  but  it  requires  jjersonal  attention.  I  agree  that  on  the  ash 
pit  door  and  on  the  back  smoke  outlet  there  can  he  automatic  draft 
adjustment  that  will  be  all  right. 

J.  D.  Hoffman  :  Have  the  damper  in  the  smokepipe  and  also  a 
register  damper  on  the  fire  door,  and  then  I  agree  with  you. 

Frank  K.  Chew  :  On  certain  conditions  it  is  useful  and  for  cer- 
tain other  conditions  it  is  a  check  draft.  There  was  a  time  when 
they  punched  a  hole  into  the  side  of  a  stove,  and  on  the  top  of  the 
clay  linings,  fitted  an  annular  ring  with  orifices  all  around  it  for  this 
air  to  enter  the  fire.  A  cookstove  had  a  back  fire  plate  with  hollow 
chamber  perforated  to  let  the  air  escape  that  entered  through  the 
openings  at  each  side.  But  all  those  things  are  gone ;  they  are  not 
worth  talking  about. 

Ha  man  is  there  to  watch  the  action  of  the  fire,  like  the  en- 
gineer of  a  power  plant,  and  to  see  the  conditions  and  regulate  the 
slide,  it  is  all  right.  But  if  we  regulate  the  slide  and  then  want  to  go 
back  and  open  it  afterwards,  there  will  be  a  stream  of  cellar  air  of 
60  deg.  against  the  hot  surfaces  to  chill  them.  I  do  not  take  much 
stock  in  their  use.  I  grant  there  are  times  in  the  condition  of  fuel 
when  it  might  be  used  with  a  trifling  advantage  with  hard  coal,  but 
in  most  instances  you  had  better  shut  it  up  tight.  With  soft  coal 
a  current  of  heated  air  at  the  top  of  the  fire  helps. 

W.  H.  Carrier  :  There  seems  to  be  quite  a  little  difference  of 
opinion  in  regard  to  this  draft  proposition,  but  I  think  we  want  to 
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come  right  back  to  what  the  big  power  plants  are  doing.  They  have 
made  quite  a  study  of  the  combustion  process  and  get  very  excellent 
results,  with  very  high  efficiency.  They  have  mechanical  engineers 
for  fire-room  foremen  out  in  Detroit. 

The  proposition  is  to  get  as  nearly  a  balanced  draft  as  possible. 
It  is  necessary  to  have  a  hot  draft,  to  have  enough  to  carry 
away  the  hot  air  thrown  against  the  door,  and  not  to  warp  the 
doors,  and  also  to  carry  away  the  gases,  so  gases  will  not  escape  in 
the  cellar.  In  the  large  furnaces  it  is  more  necessary  on  account  of 
the  heat  to  have  a  draft,  and  I  think  about  0.1  in.  to  34  in.  is  all  that 
is  found  necessary,  but  the  stack  draft  will  go  as  low  as  0.05  in.  above 
the  door. 

It  is  not  necessary  to  have  a  very  high  draft  in  a  house,  just 
enough  so  that  when  the  door  is  opened  the  smoke  would  be  drawn 
off  and  blown  away.  With  other  conditions  there  is  likely  to  be 
gas  in  the  cellar  and  through  the  house.  For  this  reason  it  is  not 
possible,  as  Prof.  Breckenridge  said,  to  get  regulation  by  throwing 
away  the  ash  pit  door,  because  there  must  be  a  little  draft  left.  That 
draft  will  be  too  much,  sometimes,  for  the  amount  of  fire  needed  if 
the  ash  pit  door  is  wide  open.  So  after  closing  ofif  the  stack  draft 
as  far  as  we  may  dare  go  without  getting  gas  into  the  cellar,  then  we 
must  work  on  the  ash  pit  door.  We  must  use  both.  Under  a  great 
many  conditions  with  automatic  regulators  it  is  necessary  to  operate 
both. 

The  President  :  With  a  3G  or  42  in.  furnace,  and  the  weather 
variations  from  23  deg.  below  zero  to  upwards  of  45  deg.,  I  think 
that  I  would  like  to  have  an  ash  pit  door  and  I  do  not  think  any  one 
would  depend  on  the  check  damper  and  take  chances  of  gas  getting 
in  the  house.     I  want  to  work  both  of  them. 

Frank  K.  Chew  :  All  these  old  furnace  men  had  register  wheels 
in  the  fire  doors  of  their  furnaces,  and  to  bear  out  Prof.  Hoffman, 
they  all  recommended  the  use  of  that  register  wheel.  I  think  the 
slides  that  some  people  make  are  entirely  too  big  and  let  in  too  much 
air.  A  very  small  register  wheel  will  take  more  air  in  than  air 
needed  for  combustion  purposes.  There  is  need  for  more  air  with 
some  kinds  of  fuel  and  some  conditions  of  fire.  I  believe  that  the 
door  should  be  made  double,  so  that  the  entering  air  is  heated  be- 
fore it  gets  into  the  fire  chamber. 

The  President:  The  object  of  the  damper  in  the  pipe  is  not  to 
start  combustion.  The  principle,  as  Mr.  Carrier  has  said,  goes  back 
to  the  boiler  furnace  and  is  to  prevent  the  burning  of  the  lining 
inside  because  it  is  unprotected.    With  a  very  hot  fire,  if  we  throw 
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on  fresh  coal,  it  gasifies  very  quickly,  and  that  stream  of  air  in 
there  will  help  to  burn  the  gas.  Otherwise  I  do  not  think  there  is 
any  purpose  at  all  in  having  the  air  go  over  the  fire,  because  it  is 
a  dead  loss  in  principle. 

Frank  K.  Chew  :  In  the  ten  years  I  was  with  the  Cox  Stove 
Company,  I  never  remember  selling  a  feed  door  except  for  renewals 
when  broken  at  the  hinge.  There  are  several  inches  of  the  feed 
chute  between  the  feed  door  and  fire  chamber ;  and  the  heat  on  the 
fire  door  doesn't  amount  to  much  unless  it  is  wasted  in  the  cellar. 
So  the  furnaces  of  the  present  day  are  made  with  a  solid  door.  I 
don't  know  whether  the  register  was  omitted  for  common  sense  or 
for  the  saving  of  money,  but  the  register  in  the  front  door  is  looked 
on  as  a  relic  of  the  past,  which  it  is,  unless  you  get  into  the  soft  coal 
country.     There  they  need  some  air  over  the  fire  surface. 

P.  J.  Dougherty  :  I  don't  think  any  set  of  firing  rules  will  apply 
to  all  heaters  because  of  the  difference  in  draft  and  fuel  conditions 
principally.  In  my  experience  in  burning  stove  coal  in  the  average 
heater  I  have  had  the  best  success  with  what  might  be  called  the 
feather-edge  method  of  firing. 

A  person  as  a  rule  is  around  the  house  about  an  hour  in  the 
morning  after  rising  and  before  leaving  for  his  office.  Before  dress- 
ing a  person  can  easily  shake  the  grates  and  shovel  one-half  the 
fuel  charge  on  the  rear  half  of  the  fire,  the  coal  sloping  down  to- 
wards the  front  so  that  some  of  the  red  coal  is  exposed.  Turn  the 
drafts  on  full  force.  By  the  time  a  person  is  dressed  and  ready 
for  breakfast  in  less  than  half  an  hour,  this  fresh  coal  under  ordinary 
draft  is  well  ignited  and  the  fire  ready  for  the  second  charge  of  coal. 
The  balance  of  the  coal  is  fired  on  the  front  half  of  the  fire,  leaving 
part  of  the  ignited  coal  exposed  at  the  rear  of  the  fire  to  burn  the 
gases.  The  drafts  are  left  on  and  the  slide  in  the  fire  door  opened 
while  eating  breakfast.  After  breakfast  the  drafts  can  be  adjusted 
for  the  day  and  the  slide  in  the  fire  door  closed. 

We  follow  a  similar  procedure  in  our  testing  plant  when  testing 
our  round  boilers  attached  to  a  heating  load  and  fired  for  several 
days  on  an  eight  to  twelve  hour  firing  period.  With  this  feather 
edge  method  of  firing  half  the  full  coal  charge  at  a  time  we  have 
frequently  had  pressure  on  the  system  within  one-half  hour  after 
shaking  the  grates. 

I  might  add  that  anyone  who  has  had  experience  in  testing  boilers 
knows  that  admitting  air  over  the  fire  through  the  shdes  in  the  fire 
door  for  about  an  hour  after  firing  hard  coal,  or  for  about  five 
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minutes  after  firing  soft  coal,  increases  the  firebox  temperature  and 
gives  better  combustion. 

In  justice  to  Prof.  Breckenridge,  when  a  boiler  test  is  being  made 
in  which  draft  resistances  through  the  fuel  bed  and  boiler  proper 
are  being  investigated,  the  draft  doors  are  frequently  taken  off  and 
thrown  away,  as  it  were,  as  he  stated,  the  drafts  being  controlled  by 
the  dampers  in  the  smoke  pipe. 

In  reference  to  the  proper  method  of  regulating  a  fire  to  meet 
the  changing"  weather  conditions,  the  most  important  factor  is  the 
amount  of  ashes  left  on  the  grates.  Only  in  very  cold  weather 
should  the  grates  be  shaken  till  the  red  coal  shows  through  the 
greater  part  of  the  grate.  During  the  whole  heating  season  the  top 
of  the  fire  should,  after  firing,  extend  above,  or  at  least  level  with, 
the  bottom  of  the  fire  door.  The  milder  the  weather  the  more  ash 
should  be  left  to  accumulate  on,  not  under  the  grate.  Don't  shake 
the  grate  in  mild  weather  unless  it  is  necessary  to  make  room  for 
more  coal,  which  in  mild  weather  may  be  only  once  in  two  or  three 
days. 

In  our  experimenting  we  find  you  get  the  best  combustion  con- 
ditions with  a  bed  of  stove  coal  from  IG  to  20  in.  deep.  A  shallow 
fire  bed  of  only  about  12  in.  deep  means  poor  combustion  conditions 
because  of  excess  air  and  frequent  firing  is  also  necessary. 

As  regards  the  amount  of  combustible  gases  passing  up  the  chim- 
ney, recent  government  investigation  by  the  Bureau  of  Mines  has 
upset  many  of  the  old  theories  on  this  important  matter  of  fuel 
combustion. 

Frank  K.  Chew  :  I  think  the  proceedings  of  our  Society  should 
contain  something  about  everything  that  is  going  on  in  the  industry, 
and  at  the  present  time  the  so-called  pipeless  furnace  is  constituting 
75  per  cent  of  the  output  of  some  of  the  foundries  making  warm 
air  furnaces.  I  think  that  we  ought  to  have  a  committee,  made  up 
of  the  furnace  members  of  our  Society,  lo  report  what  the  pipeless 
furnace  is,  what  it  is  doing,  and  what  is  claimed  to  be  done  with  it. 
We  ought  not  to  allow  any  kind  of  an  apparatus  used  in  the  home 
that  is  being  used  to  the  extent  of  thousands,  to  continue  without 
having  something  on  record  in  our  Society  saying  what  it  is  and 
what  it  does  and  what  has  been  found  in  connection  with  it.  I 
make  a  motion  that  the  Society  appoint  a  committee  from  its  fur- 
nace members  to  make  us  a  report  on  the  pipeless  furnace. 

The  President  :  We  have  a  Furnace  Code  Committee  of  five 
sections.  One  of  them  is  composed  of  the  manufacturers,  and  I 
presume  that  is  what  you  refer  to. 
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Frank  K.  Chew  :  No,  I  suggest  a  separate  committee,  as  that 
Committee  has  got  enough  to  do.  The  pipeless  furnace  is  a  sep- 
arate and  distinct  thing. 

H.  M.  Hart:  I  would  like  to  see  somebody  besides  furnace  men 
on  that  committee. 

Frank  K.  Chew  :  I  will  eliminate  the  words  "furnace  members" 
and  let  them  be  from  the  Society  generally,  and  I  don't  care  whether 
a  special  committee  is  appointed.  It  can  be  referred  specially  to  the 
Code  Committee. 

The  President:  We  have  a  Committee  on  Warm  Air  Furnace 
Code  and  I  think  that  Committee  can  handle  the  question  as  well  as 
any  other.  I  think  it  would  be  well  to  refer  it  to  the  Furnace  Code 
Committee. 

The  motion  then  is  that  a  special  report  to  this  Society  be  made  on 
the  pipeless  furnace  and  that  the  subject  be  referred  to  the  Furnace 
Code  Committee  for  investigation  and  report. 

The  motion  was  seconded  and  carried. 


No.  497 

REFORMS  IN  THE  DESIGN  OF  HOT-AIR  HEAT- 
ING PLANTS  NEEDED  TO  COMPETE  WITH 
OTHER  SYSTEMS 

By  Charles  Whiting  Baker',  New  York,  N.  Y. 
Non-Member 

IN  a  preceding  paper  the  writer  has  urged  as  a  measure  of 
fuel  economy  demanded  in  the  national  interest,  the  addition 
to  hot-air  furnace  house  heating  plants  of  an  auxiliary  cold- 
air  duct,  drawing  air  from  inside  the  house.  He  has  there  explained 
some  of  the  reasons  why  such  an  alteration  overcomes  much  of  the 
difficulty  commonly  experienced  with  hot-air  furnaces.  He  wishes 
to  present  here  the  reasons  why  a  hot-air  heating  plant,  properly 
installed,  in  a  building  of  moderate  size,  has  many  very  important 
advantages  over  either  steam  or  hot  water. 

There  is  no  doubt  that  the  hot-air  furnace  is  generally  regarded 
by  the  public,  and  probably  by  the  majority  of  architects,  as  a  house 
heating  system  notably  inferior  to  steam  or  hot  water,  and  only 
to  be  selected  where  economy  in  the  cost  of  installation  is  necessary= 
This  opinion  is  perhaps  fully  justified  by  the  results  of  experience 
with  the  average  hot-air  furnace  system  as  usually  installed.  The 
extensive  advertising  campaigns  of  those  interested  in  the  promo- 
tion of  steam  heating  have  so  fully  confirmed  this  opinion  that  real 
estate  men  regard  hot-air  furnace  heating  as  a  drawback  to  the 
selling  or  renting  of  a  residence. 

In  the  face  of  these  facts,  the  writer  desires  to  present  reasons 
why,  by  the  use  of  intelligent  methods  in  the  design  of  a  hot-air 
furnace  plant  it  can  be  made  not  merely  the  equal,  but  the  superior, 
of  either  steam  or  hot  water  heating  for  all  buildings  of  moderate 
size.  Most  of  these  methods  are  not  at  all  novel,  but  have  been 
in  extensive  use  for  years.     Of  some  of  them,  the  writer  himself 
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made  practical  application  in  remodeling  the  furnace  heating  plant 
of  his  own  residence  in  Montclair,  N.  J.,  some  15  years  ago.  There 
is  nothing  abstruse  or  difficult  about  these  methods;  and  there  is 
no  reason  whatever  why  any  intelligent  plumber  who  is  competent 
to  install  a  steam  heating  system,  should  not  install  a  hot-air  heating 
system  on  the  principles  here  laid  down,  with  equal  success. 

One  reason  why  this  subject  is  important  just  now  is  the  great 
housing  campaign  that  is  being  undertakeji  for  our  war  industry 
towns  and  cities.  While  much  of  this  building  construction  will 
be  below  the  scale  where  a  central  heating  plant  is  considered 
advisable,  there  must  necessarily  be  many  buildings  where  central 
heating  will  be  required.  Not  only  must  economy  in  first  cost  be 
considered,  but  the  saving  in  piping  necessary  for  steam  or  hot 
water  distribution,  if  a  hot-air  furnace  can  be  substituted,  is  just 
now  of  great  importance. 

Again,  all  buildings  of  this  class,  designed  to  be  occupied  by 
more  or  less  careless  tenants,  should  be  able  to  stand  a  certain 
amount  of  neglect  and  misuse.  During  the  past  severe  winter, 
thousands  of  costly  hot  water  and  steam  heating  systems  suffered 
serious  injury  from  the  effects  of  low  ternperature,  not  to  men- 
tion empty  coal  bins.  In  rented  houses  especially,  the  hot-air 
furnace,  which  has  nothing  that  can  freeze  up  and  very  few  parts  to 
get  out  of  order  and  require  repair  or  adjustment,  compared  with 
the  steam  or  hot  water  systems,  deserves  more  serious  attention  from 
engineers  than  it  has  ever  received. 

DISTRIBUTING    HOT  AIR  TO  DIFFERENT  ROOMS 

Perhaps  the  most  common  complaint  regarding  hot  air  heating  is 
the  faulty  distribution  of  the  heat  to  different  rooms.  A  great 
volume  of  hot  air  will  flow  from  the  register  in  one  room,  while 
in  another  room,  the  hot  air  flue  may  persistently  act  as  a  down- 
cast, the  air  from  the  room  flowing  into  the  register  instead  of  hot 
air  flowing  out.  The  reason  for  this  behavior  is  easily  seen  when 
the  construction  of  the  furnace  and  the  various  heating  flues  is  ex- 
amined. It  will  usually  be  found  that  the  cold  air  duct  has  a  cross- 
section  perhaps  one-fourth  that  of  the  combined  cross-sections  of  the 
hot  air  flues.  The  circulation  in  a  hot  air  heating  system  is  produced, 
of  course,  by  the  tendency  of  the  column  of  heated  air  in  the  hot 
air  flues  to  rise.  This  causes  the  air  pressure  in  the  furnace  casing 
or  hot  air  chamber  to  fall  slightly  below  the  normal,  and  it  is 
this  suction  that  produces  the  inward  flow  from  the  cold  air  duct. 
This  slight  vacuum  in  the  hot  air  chamber  will  often,  when  the 
furnace  is  first  started,  and  the  flues  are  cold,  draw  cold  air  down 
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one  or  more  of  the  hot  air  flues.  The  more  the  flow  of  air  to  the 
furnace  through  the  cold  air  ckict  is  restricted  by  inadequate  size, 
the  more  certain  and  persistent  will  be  the  faulty  distribution  to 
the  various  rooms. 

The  first  essential,  obviously,  to  secure  a  uniform  distribution  to 
the  different  hot  air  flues  is  to  reduce  the  resistance  to  the  flow 
of  cold  air  to  the  furnace.  In  the  hot  air  heating  plant  for  the 
writer's  own  residence,  the  cold  air  duct  to  the  furnace  was  given 
a  cross-section  equal  to  the  combined  area  of  all  the  hot  air 
flues.  With  a  cold  air  duct  of  such  size,  however,  it  would  be 
impossible  to  heat  the  house  in  severe  weather  or  when  a  strong 
wind  is  blowing  into  the  cold  air  duct.  The  provision  of  an 
auxiliary  cold  air  inlet  taking  air  from  inside  the  house  was  neces- 
sary, therefore,  in  addition  to  closing  the  outside  cold  air  duct  in 
severe  weather,  as  well  as  for  the  reasons  which  have  been 
reviewed  above. 

The  cold  air  inlet  from  inside  the  house  has  likewise  a  cross- 
section  equal  to  the  combined  area  of  all  the  hot  air  flues.  These 
two  cold  air  ducts  join  to  form  one  channel  leading  to  the  fur- 
nace. At  the  point  of  junction  of  the  two  ducts  there  is  installed 
a  wing  damper  which  can  be  swung  aroimd  to  shut  ofif  either  the 
outside  cold  air  duct  or  the  inside  duct,  or  can  be  set  to  any 
intermediate  position  to  take  any  desired  proportions  of  air  from 
inside  and  outside  the  house.  In  any  position  of  the  damper,  how- 
ever, an  absolutely  free  flow  of  cold  air  to  the  furnace  is  at  all 
times  certain,  and  it  is  not  possible  by  carelessness  to  shut  oflf  the 
air  supply  entirely  and  overheat  the  furnace,  thus  incurring  the 
risk  of  setting  fire  by  overheated  flues. 

With  this  free  flow  of  cold  air  to  the  furnace,  it  becomes  pos- 
sible to  distribute  properly  the  flow  of  hot  air  to  the  various  flues 
leading  to  the  different  rooms.  Further,  the  furnace  delivers  a 
large  volume  of  warm  air  instead  of  a  small  volume  of  intensely 
heated  air.  Not  only  is  this  conducive  to  health  and  comfort,  but 
it  avoids  the  fire  risk  of  overheated  flues,  which  is  one  objection 
to  the  hot-air  furnace  as  commonly  installed. 

The  installation  has  the  further  merit  (of  great  importance  in 
all  household  apparatus)  of  requiring  the  minimum  of  attention. 
It  takes  but  a  second  to  adjust  the  wing  damper  according  to  the 
temperature  and  the  wind,  whenever  changes  occur  that  make 
such  adjustment  necessary.  The  adjustment  could  readily  be  made 
from  the  first  floor  if  desired,  although  that  was  not  done  in  the 
present  installation. 
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A   FRICTIONLESS    CHECK   VALVE 

With  the  above  described  arrangement  of  cold  air  ducts  one 
problem  arose  which  required  some  study  for  solution.  It  will  be 
understood,  of  course,  that  the  draft  produced  by  the  hot  air  flues 
of  the  furnace  is  very  small.  It  occasionally  happened,  with  a 
strong  wind  blowing  into  the  outside  cold  air  duct  (which,  it  may 
be  remarked,  had  a  cross  section  of  about  10  sq.  ft)  that  more 
air  would  flow  into  this  duct  than  would  enter  the  furnace.  With 
the  wing  damper  set,  as  it  usually  is,  to  take  part  of  the  air  supply 
from  outdoors  and  part  from  inside,  a  strong  current  of  cold  air 
from  outdoors  would  flow  around  the  end  of  the  wing  damper  and 
backward  up  the  other  cold  air  duct  and  would  issue  from  the 
register  opening  in  the  hall.  This  could  be  stopped,  of  course, 
by  closing  the  wing  damper  to  shut  ofif  entirely  either  one  of  the 
ducts,  leaving  the  other  entirely  open,  but  this  was  often  undesir- 
able. What  was  needed,  evidently,  was  a  check  valve  in  the  inside 
cold  air  duct  which  would  ofifer  no  obstruction  to  the  normal  down- 
ward flow  but  would  automatically  close  as  soon  as  this  flow 
stopped  and  thus  prevent  the  back  draft. 

To  order  a  plumber  to  install  a  check  valve  with  an  area  of  some 
10  sq.  ft.  which  would  operate  automatically  and  infallibly  under 
the  action  of  air  pressure  too  minute  to  be  measurable  with  any 
ordinary  instrument,  did  not  promise  satisfactory  results.  The 
writer,  therefore,  undertook  the  task  himself.  The  favorable  fea- 
ture in  the  problem  was  that  absolute  air-tightness  was  not  essen- 
tial. The  check  valve  installed  consists  of  a  very  light  wooden 
frame  covered  with  the  cloth  commonly  used  for  window  shades. 
This  was  hung  in  the  vertical  cold  air  duct  from  the  first  floor  in 
an  inclined  position  and  was  suspended  on  trunnions  near  the  center 
of  gravity  so  that  the  damper  would  swing  closed  by  its  own 
weight  but  would  open  under  the  slightest  suction  from  the  fur- 
nace. In  order  to  eliminate  friction  in  the  movement  of  the  damper, 
the  trunnions  by  which  the  damper  is  hung  are  small  cords.  The 
damper  has  a  slight  clearance  at  the  sides,  so  that  the  only  resist- 
ance to  its  movement  is  the  almost  infinitesimal  resistance  of  the 
cords  to  twisting. 

In  order  to  accurately  balance  the  damper,  a  very  light  chain 
was  hung  in  a  loop  with  one  end  attached  to  the  side  of  the  flue 
and  the  other  to  the  side  of  the  damper.  By  altering  the  length  of 
this  loop  of  chain  it  was  easy  to  adjust  the  damper,  notwithstanding 
its  comparatively  crude  construction,  so  that  it  w^ould  close  gently 
by  its  own  weight  and  yet  would  open  with  a  puff  of  breath.      This 
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simple  apparatus,  which  was  made  and  installed  in  a   few  hours, 
has  operated  perfectly  for  years  with  no  attention  whatever. 

DISPOSAL  OF  THE   COLD  AIR  DUCTS 

A  hot-air  furnace  should,  of  course,  be  placed  as  near  as  pos- 
sible to  the  center  of  the  building  it  is  desired  to  heat.      When  the 
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FIG.  I.  DETAILS  OF  RETURN  DUCT  CONNECTIONS  TO  FURNACE. 

building  is  of  good  size,  the  installation  of  a  cold  air  duct  of  the 
dimensions  above  specified,  from  the  outside  wall  to  the  furnace, 
in  the  available  head-room,  is  not  an  easy  matter.  This  is  another 
reason  why  one  may  read  in  books  about  cold  air  ducts  equal  in 
cross-section  to  the  combined  area  of  the  hot-air  flues,  but  will 
seldom  find  one  actually  installed. 

In  the  writer's  own  residence,  this  problem  was  very  simply 
solved  by  carrying  the  cold-air  duct  underneath  the  concrete  floor 
of  the  cellar.     The   floor  and   walls   of  the  duct   were  molded   in 
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concrete.  For  the  top  of  the  duct,  slabs  of  reinforced  concrete 
were  cast  in  open  frames,  and  were  about  3  in.  thick,  3  ft.  long, 
and  2  ft.  wide,  with  beveled  edges.  After  these  slabs  were  sea- 
soned and  placed,  the  grooves  where  they  joined  were  poured  with 
grout  and  made  so  tight  that  the  cellar  floor  can  be  washed  down 
with  a  hose  without  any  water  reaching  the  cold  air  duct. 

Another  unusual  feature  in  the  installation  was  placing  the  fur- 
nace in  a  pit,  with  concrete  floor  and  sides,  about  2  ft.  lower  than 
the  level  of  the  cellar  floor.  This  made  connection  easy  from  the 
cold  air  duct  to  the  base  of  the  furnace  and  saves  labor  in  feeding 
coal  to  the  furnace,  while  the  extra  height  helps  the  draft  in  the 
hot  air  flues,  especially  those  to  the  first  floor  rooms. 

AN  AUTOMATIC  HUMIDIFIER 

A  refinement  in  connection  with  this  installation,  which  is  very 
seldom  found  in  hot  air  furnaces — or  for  that  matter  in  connection 
with  any  other  system  of  house  heating — is  effective  provision  for 
moistening  the  air.  It  is  true  that  hot  air  furnaces  very  commonly 
have  a  so-called  water  evaporating  pan  or  tank  installed  near  the 
base  of  the  furnace  and  occasionally  some  more  than  ordinarily 
careful  and  intelligent  furnace  attendant  will  perhaps  take  pains 
to  keep  this  pan  filled.  Even  when  this  is  done,  however,  numerous 
tests  have  demonstrated  that  the  amount  of  water  evaporated  by 
such  an  apparatus,  located  at  a  cool  part  of  the  furnace,  is  too 
trifling  to  have  any  material  effect  on  the  humidity  of  the  house. 

In  order  to  provide  means  in  the  furnace  installation  above  de- 
scribed for  evaporating  sufficient  water  to  have  a  material  effect 
on  the  humidity  of  the  air  and  to  provide  for  this  without  the 
necessity  of  daily  attention,  or  for  that  matter  of  any  attention 
at  all,  there  was  installed  in  the  hot  air  chamber  of  the  furnace, 
immediately  over  the  firepot,  a  cast  iron  evaporating  pan,  which 
was  supplied  by  the  Kelsey  Heating  Co.  This  pan  is  supplied 
by  a  pipe  from  a  small  copper  tank  outside  the  furnace,  the  water 
in  which  is  at  the  same  level  as  the  water  in  the  evaporating  pan. 
The  water  supply  to  this  copper  tank  is  controlled  by  a  float  valve 
similar  to  that  on  an  ordinary  water-closet  tank.  An  overflow  pipe 
from  the  copper  tank  prevents  the  water  rising  so  high  as  to  flood 
the  cast  iron  pan  in  the  furnace  in  case  the  float  valve  should  fail 
lo  operate.  This  simple  and  inexpensive  humidifier  requires  no 
attention  from  one  year's  end  to  another.  It  will  be  ob- 
vious that  the  apparatus  is  self-regulating.  In  cold  weather  when 
the  furnace  is  very  hot  and  discharging  a  large  volume  of  air,  the 
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water    is    heated    to    a    higher    temperature    and    is    more    rapidly 
evaporated. 

There  is  really  no  more  reason  for  humidifying  the  air  in  a  house 
heated  by  a  hot-air  furnace  properly  installed  thani  there  is  in 
doing  the  same  thing  in  a  house  heated  by  hot  water  or  steam 
system.  It  is  of  interest,  however,  to  point  out  how  simply  and 
inexpensively  moisture  can  be  added  to  the  air  in  a  house  heated 
by  hot  air  in  comparison  with  the  difficulty  of  doing  the  same  thing 
with  a  steam  or  hot  water  apparatus. 

MOIST  AIR  FOR  A  CONSERVATORY 

A  small  plant-room  heated  by  the  furnace  has  a  special  system 
for  moistening  its  air  supply,  that  was  inexpensive  to  install  and  has 
operated  with  entire  success  for  many  years.     The  plant-room  floor 
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FIG.  2.     DETAILS  OF  ARRANGEMENT  OF  WATER  PANS  IN  WARM  AIR 
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is  only  an  inch  or  two  below  the  level  of  the  first  floor  of  the  house 
and  is  of  concrete  paving  on  an  earth  fill.  In  this  fill,  next  the 
cellar  wall,  there  was  constructed  a  chamber  about  IG  in.  deep,  2 
ft.  wide,  and  4  ft.  long,  for  the  hot  air  flue.  This  chamber  has  a 
concrete  floor,  and  a  drain  leads  out  from  it  at  the  bottom  and  con- 
nects with  the  system  of  under-drains,  under  the  concrete  floor  of 
the  plant-room.  The  sides  of  this  chamber  are  laid  up  in  brick, 
and  widen  toward  the  top  so  that  at  each  course  of  brick  there 
is  formed  a  narrow  shelf  an  inch  wide,  extending  from  front  to 
back.  Shallow,  rectangular  pans  of  galvanized  iron,  1  in.  deep, 
are  made  to  fit  these  shelves  and  are  of  ditTerent  lengths  from  top 
to  bottom,  the  shortest  at  the  top. 

This  chamber  is  covered  by  a  reinforced  concrete  slab  for  three- 
fourths  of  its  length,  next  the  house  wall,  and  the  other  one-fourth 
has  a  register  opening.  A  12  in.  flue  extends  from  the  hot-air  fur- 
nace through  the  cellar  wall  into  the  rear  of  the  chamber. 

There  is  a  hose  in  the  plant-room  for  watering  the  plants,  and 
after  the  daily  watering  is  done  the  hose-nozzle  is  turned  down  the 
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register  and  discharges  into  the  topmost  galvanized  iron  pan.  This 
overflows  into  the  one  below,  and  so  on  until  all  are  filled  and  any 
surplus  or  leakage  runs  off  by  the  drain. 

The  hot  air  from  the  furnace,  in  passing  through  this  chamber, 
has  to  flow  in  horizontal  layers,  only  1  in.  thick,  over  the  water  in 
these  pans.  About  50  sq.  ft.  of  water  surface  are  thus  exposed  to 
evaporation,  and  the  dry  air  from  the  furnace  takes  up  the  water 
like  a  sponge.  The  entire  installation  was  very  simple  and  inex- 
pensive of  construction  and  has  operated  for  many  years  with 
entire  satisfaction. 

A  BLOWER  SYSTEM  FOR  HOT  AIR  FURNACES 

It  seems  proper  in  this  connection  to  suggest  the  possibility  of 
making  a  further  great  advance  in  hot  air  heating  by  the  use  of  a 
blower  in  connection  with  it.  There  is  again  nothing  novel  in  this. 
Over  20  years  ago  Mr.  R.  A.  Chesebrough  heated  an  office  building 
in  lower  New  York  City  by  such  a  system,  and  there  have  been 
other  cases  where  ordinary  electric  fans  have  been  placed  in  cold 
air  ducts  to  advantage. 

What  the  writer  desires  to  suggest  is  the  working  out  of  this 
system  on  a  practical  commercial  basis,  and  it  is  interesting  to  note 
the  advantages  which  would  be  gained  by  such  a  system.  The 
plan  proposed  is  in  principle  identical,  of  course,  with  that  now 
employed  on  a  large  scale  where  buildings  are  heated  by  steam  by 
the  blower  system.  In  the  cold-air  duct  leading  to  the  hot-air 
furnace,  there  would  be  placed  an  electric  motor-driven  fan,  which 
would  add  its  force  to  the  suction  produced  by  the  rising  current 
in  the  hot  air  flues.  With  this  installation  it  would  of  course  be 
necessary  to  draw  part  of  the  air  from  inside  the  house,  as  recom- 
mended above,  as  the  fan  would  otherwise  force  more  air  through 
the  furnace  than  could  be  heated. 

With  this  forced  flow  oi  air  through  the  furnace,  there  would 
be  in  the  hot  air  chamber  a  slight  excess  of  air  pressure,  in  place 
of  the  slight  vacuum  which  at  present  exists.  This  would  prevent 
the  escape  of  smoke,  gas,  and  dust  through  open  joints  in  the 
furnace  into  the  hot  air  chamber  and  thence  into  the  house,  which 
now  occasionally  occurs. 

Again,  this  slight  excess  pressure  would  mean  an  end  of  the 
difficulty  with  faulty  distribution  of  heat,  and  it  would  enable  con- 
siderably smaller  pipes  to  be  used  for  carrying  the  hot  air,  and  a 
great  reduction  in  the  size  of  the  cold  air  ducts.  This  would  mean 
also  a  material  reduction  in  the  cost  of  the  piping  installation  and 
in  the  difficulty  of  placing  it.    Again,  there  would  be  less  loss  of  heat 
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by  radiation  into  the  cellar  from  the  smaller  distributing  pipes,  and 
also  because  of  the  lower  temperature  of  the  air  in  the  flues. 

A  very  great  advantage  of  the  blower  system  would  be  the 
delivery  of  warm  air  instead  of  hot  air.  This  means  rapid  change 
of  air  in  the  rooms,  rapid  drawing  ofi  of  cold  air  from  the  floors, 
and  equable  heating  of  the  rooms  without  raising  the  air  in  the 
upper  part  to  undue  temperature.  This  rapid  flow  of  air  through 
the  furnace,  too,  would  reduce  its  overheating  and  expansion  with 
the  tendency  to  open  the  joints. 

The  first  question  that  will  be  raised,  in  considering  the  feasibility 
of  such  a  system,  would  be  the  cost  of  the  current  required.  In 
estimating  this,  it  may  be  assumed  that  the  fan  would  not  need  to 
be  run  in  the  mild  weather  of  spring  and  fall,  when  only  a  little 
heat  is  called  for  to  take  the  chill  off  the  house.  During  much  of 
the  heating  season  it  would  not  be  run  during  the  night  when  the 
fires  are  banked.  Even  under  these  conditions  the  bill  for  the 
current  used  might  be  rather  heavy,  if  it  were  charged  for  at  the 
same  rate  as  current  for  lighting.  The  load  of  such  fans  would 
be  so  favorable  for  an  electric  company,  however,  that  it  could 
well  afford  to  charge  the  current  at  motor  or  heating  rates.  Assum- 
ing a  charge  of  4c.  per  k.w.  hr.,  and  a  Slower  using  1/5  k.w.  of 
current,  operating  for  100  days  in  the  year  at  an  average  of  20 
hours  per  day,  the  cost  for  current  would  be  only  $16  per  annum. 
It  is  not  to  be  forgotten,  either,  that  this  current  is  all  converted 
into  heat  which  helps  to  warm  the  house,  so  that  the  net  cost  for 
the  power  used  to  drive  the  fan  and  circulate  the  air  is  really  con- 
siderably less. 

An  essential  feature  of  such  a  system,  of  course,  would  be  a 
fool-proof  and  neglect-proof  electric  fan  with  automatic  lubrica- 
tion, which  could  operate  day-in  and  day-out  in  such  an  inaccessible 
place  as  a  cold  air  duct  without  requiring  attention.  For  the  com- 
mercial success  of  such  a  system,  there  would  have  to  be  co-opera- 
tion between  the  electric  supply  manufacturers  in  the  production  of 
such  a  fan,  the  electric  central  stations  in  the  supply  of  low-priced 
current,  and  the  builders  and  installers  of  hot-air  furnaces.  Also, 
some  concern  must  find  it  worth  while,  as  a  commercial  proposition, 
to  undertake  the  task  of  educating  the  public  as  to  the  merits  of 
the  system. 

FURNACE    CONSTRUCTION 

It  will,  of  course,  be  understood  that  the  writer  in  discussing 
the  comparative  merits  of  the  hot-air  furnace  system  and  its  com- 
petitors, has  in  mind  only  the  class  of  buildings,  chiefly  private 
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dwellings,  to  which  the  hot-air  furnace  is  adapted.  Nor  should  he 
be  understood  as  claiming  that  the  furnaces  now  made  are  free 
from  all  defects.  Besides  those  that  have  been  discussed  above, 
it  is  a  fact  that  most  hot-air  furnaces  scatter  dust  through  the  house 
because  of  the  sifting  of  ashes  from  the  fire-box  through  open 
joints  in  the  furnace  into  the  hot-air  chamber,  from  whence  they 
are  carried  into  the  house  through  the  hot  air  flues.  Admittedly  it 
is  difficult  to  make  a  cast-iron  structure  which  will  be  free  from 
this  defect  under  the  extremes  of  temperature  which  a  hot  air 
furnace  has  to  undergo,  but  there  is  plenty  of  room  for  improve- 
ment. 

Another  common  defect  in  hot  air  furnaces  is  crude  workman- 
ship. It  is  common  to  find  draft  openings  which  allow  so  much 
air  to  leak  through  when  closed  that  in  mild  weather  the  fire  can 
only  be  kept  down  by  partially  opening  the  furnace  door,  always 
a  very  wasteful  plan,  so  far  as  fuel  consumption  is  concerned. 

Another  defect  is  inadequate  passages  for  air  through  the  fur- 
nace. This,  as  well  as  too  small  a  cold  air  duct  is  often  responsible 
for  the  difficulty  of  distribution  to  the  different  hot-air  flues. 

On  the  other  hand,  the  ability  of  the  hot-air  furnace  to  heat  a 
house  with  a  light  fire  in  mild  weather,  in  spring  and  fall,  is  a 
very  great  advantage  over  the  steam  heater,  as  respects  both  fuel 
economy  and  comfort. 

The  simplicity  and  reliability  of  the  hot  air  furnace  and  its 
infrequent  repairs  and  breakdowns  are  most  important  merits. 
With  better  design  in  furnace  construction,  and  more  intelligence 
in  installation,  the  hot-air  furnace  should  fill  a  far  larger  place  in 
the  house  heating  field  even  than  it  has  filled  in  the  past. 


No.  498 

SPONTANEOUS  COMBUSTION 

By  M.  W.  Franklin,  Philadelphia,  Pa. 
Member 

TO  those  concerned  with  the  manipulation,  compounding, 
shipping,  storing,  or  in  general,  trading  in  oils,  coals,  char- 
coals, fabrics,  etc.,  the  matter  of  spontaneous  combustion  is 
of  extreme  interest,  for  the  losses  and  damage  from  this  cause  are 
of  enormous  magnitude  and  a  source  of  constant  concern,  and 
their  prevention  calls  for  eternal  vigilance.  The  averting  of  self- 
ignited  fires  can  be  accomplished  effectively  only  when  the  causes 
are  fully  understood  and  appreciated,  and  to  this  end,  it  is  essential 
that  the  r/cncral  subject  of  combustion  or  fire  be  studied  first. 

Spontaneous  combustion,  or  self-kindled  fire,  is  by  many  re- 
garded as  a  mysterious  phenomenon,  but  though  the  sources  are 
often  obscure  and  difficult  to  trace,  the  causes  are  well  known  and 
very  simple,  dififering  only  in  degree  from  the  causative  factors  in 
ordinary,  deliberately  kindled  fires. 

COMBUSTION 

Every  chemical  reaction  between  two  or  more  substances  is 
accompanied  either  by  the  evolution  of  heat,  the  absorption  of 
heat,  or  the  evolution  of  electrical  energy-.  Thus,  when  metallic 
zinc  is  dissolved  in  muriatic  acid,  for  the  production  of  zinc 
chloride,  it  is  noted  that  the  solution  boils  and  exhibits  other  evi- 
dences of  heating.  If  a  carbon  and  a  zinc  plate  be  immersed  in 
a  solution  of  sal  ammoniac  and  kept  from  touching  each  other  in 
the  solution  but  are  connected  together  by  a  metallic  wire  outside 
the  solution,  a  current  of  electricity  w^ll  flow  along  the  wire  as 
long  as  there  is  any  zinc  present  and  the  zinc  will  combine  with 
the  sal  ammoniac  to  form  a  new  chemical  substance,  zinc  chloride. 
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These  are  examples  of  evolution  of  heat  and  of  generation  of 
electricity,  respectively,  by  means  of  chemical  action. 

The  absorption  of  heat  in  a  chemical  reaction  is  very  rare  and 
there  are  no  common,  nor  simple,  examples,  but  when  certain  salts, 
such  as  the  common  hypo  of  photography,  are  dissolved  in  water, 
the  latter  becomes  very  cold,  and  while  this  is  not  strictly  a  chemical 
phenomenon,  it  serves  to  illustrate  the  redistribution  of  heat  which 
accompanies  certain  classes  of  reactions,  in  this  case,  physico- 
chemical.  The  strictly  chemical  cases  result  in  the  formation  of 
the  so-called  endothermic  substances  of  which  ozone  is  an  example. 

In  the  narrowest  accepted  sense,  burning  is  simply  oxidation  or 
a  chemical  combination  of  the  element  oxygen  with  some  other 
chemical  element  or  compound.  Without  oxygen  there  can  be 
no  burning  and,  with  the  exception  of  certain  special  compounds, 
such  as  gunpowder  and  nitro-cellulose,  which  contain  their  own 
oxygen,  the  oxygen  generally  is  supplied  by  the  air,  which  is  essen- 
tially a  free  mixture  of  four  parts  of  nitrogen  gas  and  one  part 
of  oxygen  gas. 

With  all  oxidation,  there  is  evolution  of  heat,  the  amount  given 
out  per  minute  being  proportional  to  the  amount  of  substance 
combining  with  the  oxygen,  per  minute.  Consider,  for  example, 
the  burning  of  the  chemical  element  carbon ;  12  lb.  of  carbon  will 
combine  with  exactly  32  lb.  of  oxygen  to  form  44  lb.  of  carbon 
dioxide  gas,  or  1  lb.  of  carbon  will  combine  with  1.667  lb.  of 
oxygen  to  form  2.667  lb.  of  carbon  dioxide  gas. 

In  the  process  of  combination,  or  burning,  there  will  be  given 
out  a  definite,  determinate  amount  of  heat,  no  matter  whether  the 
burning  take  a  minute  or  a  year.  In  the  case  of  carbon,  this 
amount  of  heat  will  be  14,600  B.t.u.  per  pound  of  carbon.  If  the 
burning  of  one  pound  of  carbon  be  accomplished  in  one  second, 
there  will  be  generated  14,600  B.t.u.  in  one  second  and  this  great 
amount  of  heat  will  raise  the  temperature  of  the  furnace  in  which 
the  heat  is  produced  to  a  point  that  will  be  very  marked  and  easily 
perceived.  But  if  the  carbon  is  fed  into  the  furnace  slowly,  say 
0.0001  lb.  per  second,  then  the  evolution  of  heat  will  be  only  1.46 
B.t.u.  per  second  and  this  will  have  ample  time  to  dissipate  into 
the  surrounding  air  by  conduction,  radiation  and  convection,  so 
that,  unless  the  furnace  be  very  small,  the  rise  in  temperature, 
which  is  due  simply  to  accumulation  of  heat,  will  be  practically 
imperceptible. 

The  point  to  emphasize  is,  then,  that  when  a  ton  of  coal,  or  a 
log  of  wood,  which  is  composed  largely  of  carbon,  is  burned  in  a 
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fire,  or  when  it  oxidizes  automatically  in  the  air,  it  does  not 
matter  whether  the  process  occupies  a  few  minutes  or  a  cen- 
tury, the  amount  of  heat  given  out  is  the  same  in  either  case,  the 
only  difference  being  in  the  rate  of  heat  production,  or  the  intensity. 

If  one  pound  of  carbon  be  burned  in  a  perfectly  heat  insulating 
furnace  so  that  absolutely  none  of  the  heat  could  escape,  then  at 
the  end  of  the  process  of  burning,  a  thermometer  communicating 
with  the  interior  of  the  furnace  would  show  the  same  temperature 
whether  the  burning  had  occupied  a  minute  or  a  year.  The  tem- 
perature rise  would  progress  evenly  with  the  burning  and  when 
one-fourth,  one-half,  or  three-fourths  of  the  carbon  had  been 
burned,  the  temperature  would  be  proportional  to  the  amount 
burned,  no  matter  what  the  duration  of  burning. 

In  slow  burning  the  temperature  fails  to  rise  simply  because  the 
heat  dissipates  as  quickly  as  it  is  generated,  while  in  rapid  burning 
the  rise  in  temperature  is  due  solely  to  the  rapid  accumulation  of 
heat  in  excess  of  the  amount  which  escapes  and  is  lost.  Oxidation 
is  not  always  rapid ;  iron  rusts  and  wood  decays  by  dry  rot,  and 
while  these  are  oxidations,  or  in  the  strictest  sense,  burning,  there 
is  no  appreciable  heating  up.  The  word  "burning"  is  popularly 
reserved  for  rapid  oxidation,  or  comhustio'n,  accompanied  by  flame 
and  light. 

While  oxidation  of  carbon  or  carbon  compounds  always  occurs 
when  there  is  oxygen  present ;  actual  fire  with  flame  and  heat 
occurs,  however,  only  when  a  suitable  exciting  cause,  such  as  the 
actual  contact  of  flame,  and  consequent  great  raising  of  tempera- 
ture, is  superadded.  Thus,  a  log  of  wood  will  burn  up  com- 
pletely of  itself  if  exposed  to  the  air  for  a  long  enough  period, 
if  on  the  other  hand,  the  temperature  of  some  part  of  the  wood 
be  suddenly  raised  by  the  direct  application  of  a  flame,  the  burning 
will  proceed  at  a  great  rate  and  the  wood  will  burst  into  flame, 
each  burning  portion  of  the  wood  communicating  its  heat  to  the 
•  parts  adjacent,  and  in  this  way  the  process  of  oxidation  will  pro- 
ceed with  increasing  rapidity  until  the  whole  of  the  wood  is 
consumed. 

From  the  foregoing,  it  will  be  seen  that  the  amount  of  burning, 
or  oxidation,  is  proportional  to  the  amount  of  substance  exposed 
to  the  oxygen,  and  also  proportional  to  the  temperature.  At  low 
temperature,  the  oxidation  proceeds  slowly  even  when  great 
amounts  of  substance  are  being  consumed,  but  if  the  temperature 
be  raised  at  some  point,  either  by  the  direct  application  of  external 
heat  or  by  the  confinement  and  accumulation  of  the  heat  generated 
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by  the  burning  itself,  the  oxidation  at  once  commences  to  go  on 
rapidly  and  as  the  process  generates  great  amounts  of  heat,  this 
stimulates  the  cause,  and  accordingly  the  burning  increases  till 
there  results  a  conflagration. 

Certain  substances  are  more  prone  to  oxidation  than  are  others. 
Among  the  most  susceptible  are  the  so-called  drying  oils,  such  as 
linseed  oil,  rapeseed  oil,  china  wood  oil,  and  certain  fats,  but  all 
mineral  oils  and  most  carbohydrates  exhibit  the  phenomenon  in 
some  degree.  Thus  soot,  hay,  straw,  rags,  rope,  and  in  fact  any 
carbonaceous  substance  under  suitable  conditions  may  be  the  seat 
of  spontaneous  combustion. 

The  slow  combustion  of  certain  fats  and  oils  may  be  observed 
in  a  simple  experiment  which  shows  that  the  difference  between 
slow  burning  and  rapid  burning  is  one  of  degree  only.  If  a  few 
drops  of  lard  oil,  for  instance,  be  placed  on  an  iron  plate  heated 
to  something  less  than  redness  and  observed  in  the  dark,  it  will 
be  seen  that  the  oil  rapidly  disappears  and  that  a  faint  glow  is 
visible  even  though  it  does  not  at  any  time  burst  into  flame. 

The  more  fibrous  or  the  more  finely  divided  a  material,  the 
more  surface  will  be  exposed  to  oxidation  and  consequently  the 
greater  will  be  the  danger  of  automatic  burning.  As  an  example 
of  the  enormous  effect  which  the  fibrous  structure  of  a  material 
can  exert  on  the  amount  of  surface  exposed  to  oxidation,  take 
the  case  of  a  cube  of  iron  1  in.  on  a  side.  This  cubic  inch  of  iron 
then  presents  six  square  sides  to  the  atmosphere  and  each  side 
has  an  area  of  1  sq.  in.,  making  a  total  area  exposed  of  6  sq.  in. 
If  this  cubic  inch  of  iron  be  now  drawn  into  a  wire,  0.15  in.  in 
diameter  that  is,  about  the  size  of  a  cotton  fibre,  it  will  make  a 
wire  2,860,000  in.  in  length  and  the  area  of  this  wire  will  be 
6,000  sq.  in.  In  this  case  the  amount  of  area  exposed  to  the 
atmosphere  becomes  1,000  times  greater  than  that  of  the  original 
cube  entirely  owing  to  the  new  form  it  has  assumed. 

Precisely  similar  considerations  hold  for  cotton  and  analogous 
materials,  which  are  fibrous  by  nature.  The  specific  gravity  of 
cotton  is.  1.53  and  therefore  one  pound  of  cotton  will  represent 
19  cu.  in.  of  sohd  cellulose,  but  as  this  cellulose  is  in  the  form  of 
fibres  having  a  mean  diameter  of  1/1500  in.,  the  total  of  these  in  one 
pound  of  cotton  will  reach  the  enormous  length  of  54,000,000  in. 
and  will  present  a  total  area  of  114,000  sq.  in.,  all  of  which  is  in 
contact  with  the  atmosphere  even  in  the  most  densely  woven  fabrics 
or  the  most  solidly  baled  cotton. 
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When  the  weight  of  the  fabric  reaches  many  hundreds  of 
pounds,  or  that  of  the  bales  many  tons,  the  amount  of  surface 
of  the  fibres  in  actual  contact  with  air  becomes  staggering  to  con- 
template. As  each  element  of  surface  exposed  to  oxygen  is  slowly 
burning,  it  will  at  once  be  appreciated  that  the  total  amoimt  of 
heat  being  generated  per  minute  is  really  enormous  and  if  it 
were  not  for  the  equally  tremendous  amount  of  air  in  contact  with 
the  total  exposed  fibrous  surface  enabling  the  heat  to  be  carried 
off  as  rapidly  as  it  is  generated,  there  would  soon  be  evidences  of 
flame  and  light,  i.e.,  spontaneous  combustion. 

Notwithstanding  that  combustion  is  simply  combination  wnth 
oxygen,  the  curious  fact  has  been  observed  that  w^ithout  moisture 
present,  some  of  the  most  active  chemical  combinations  cannot  be 
effected  at  all.  It  is  well  known  that  iron  will  not  rust  even  in 
pure  oxygen  unless  there  is  present  at  least  a  trace  of  moisture. 
The  action  of  moisture  in  oxidation  belongs  to  the  general  class 
of  phenomena  known  as  catalysis,  and  the  water  is  looked  on  as  a 
catalyst.  A  catalyst  is  a  substance  whose  presence  is  quite  essen- 
tial in  order  that  two  other  substances  might  combine  chemically 
but  which  does  not,  itself,  enter  into  the  combination.  It  might 
be  likened  unto  the  spark  which  ignites  the  powder  cask  and 
causes  the  explosion.  The  spark  is  necessary  to  get  the  thing 
started,  but  the  explosion  itself  partakes  of  nothing  contributed  by 
the  spark. 

Most  of  the  phenomena  of  combustion  are  absolutely  dependent 
on  the  presence  of  water  vapor  without  which  they  cannot  be 
realized  and  the  phenomena  of  spontaneous  combustion  are  per- 
tinent examples  of  these.  In  a  perfectly  dry  atmosphere  a  log 
of  wood  will  last  for  centuries,  though  freely  exposed  to  the  oxygen 
of  the  air  all  the  time. 

That  the  water  does  not  enter  into  the  reaction  may  be  seen  from 
the  fact  that  a  log  of  wood  completely  submerged  in  water  to  the 
entire  exclusion  of  air  or  other  active  source  of  free  oxygen 
will  last  forever,  though  the  water  contains  more  oxygen  than  does 
an  equal  weight  of  air.  In  the  air.  the  oxygen  is  free  and  simply 
mixed  with  the  nitrogen  with  which  it  is  associated,  whereas  in  the 
water  the  oxygen  is  in  actual  chemical  cojiibination  w^th  the  hy- 
drogen w^ith  which  it  forms  the  distinct  and  totally  different  chem- 
ical substance,  water. 

SPONTANEOUS  COMBUSTION 

With  a  comprehension  of  the  foregoing  facts  we  are  in  a  posi- 
tion to  study  the  conditions  for  spontaneous  combustion.     In  the 
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first  place,  it  will  be  recognized  that  there  are  necessary  the  two 
essentials,  a  combustible  substance,  such  as  carbon,  and  a  supporter 
of  combustion,  namely,  oxygen.  When  these  two  come  into  contact, 
there  is  almost  always  natural  oxidation  or  burning,  provided  there 
is  some  moisture  present.  If  the  oxidizable  substance  be  a  drying 
oil,  the  oxidation  will  be  quite  active  arid  if  the  oil  be  exposed  to 
the  moist  oxygen  in  such  a  manner  as  to  present  a  relatively  enor- 
mous area,  the  oxidation  will  be  correspondingly  increased.  This 
condition  is  realized  when  the  oil  exists  as  a  thin  film  on  the  surfaces 
of  such  fibres  as  exist  in  cotton  or  woolen  waste  or  fabrics  soaked 
with  oil. 

If  the  air  be  excluded  there  can  be  no  oxidation,  and  if  the  access 
of  the  air  be  free  to  all  parts  of  the  oil,  the  heat  generated  will  be 
dissipated  by  conduction  and  convection,  so  that,  the  temperature 
will  not  rise  at  any  point  sufficiently  to  cause  the  generation  of 
flame  or  light,  and  the  oxidation  will  proceed  only  slowly.  If  the 
conditions  are  midway  between  these  two,  that  is,  if  the  amount  of 
air  be  so  limited  that  there  is  ample  for  the  oxidation,  but  at  the 
same  time  it  is  confined  within  the  billions  of  tiny  cells  and  pores 
formed  by  the  interlacing  fibres,  then  the  heat  generated  will  become 
high  enough  to  cause  bursting  into  flame,  i.  e.,  active  combustion. 
The  heat  then  generated  by  the  localized  rapid  combustion  will  com- 
municate itself  to  the  adjacent  portions  of  the  inflammable  mass 
and  the  whole  will  proceed  to  burn  rapidly  with  all  the  characteris- 
tics of  an  ordinary  fire. 

If  the  mass  be  so  completely  oil-soaked  that  the  tiny  pores  and 
cells  are  filled  with  oil,  then  the  oxygen  will  be  excluded  and  there 
will  be  no  burning.  If  the  whole  mass  be  soaked  with  water  so 
that  the  same  condition  results,  the  burning  again  will  be  prevented. 
If  there  be  no  water  vapor  present  at  all,  the  oxidation  will  be  so 
slow  as  practically  to  have  no  efifect  at  all. 

For  spontaneous  combustion,  the  conditions  must  be  just  right, 
though  it  is  astonishing  how  easily  and  frequently  the  precise  con- 
ditions are  realized  accidentally.  Bales  of  moist  cotton,  stacks  of 
moist  straw,  moist  coal,  finely  divided,  wet  rags,  and  a  thousand 
other  things,  even  without  oil,  often  contain  all  the  elements  and 
conditions  necessary  for  spontaneous  combustion. 

PREVENTION    OF    SPONTANEOUS    COMBUSTION 

The  prevention  of  spontaneous  combustion  will  repay  all  of  the 
efforts  which  it  might  require.  The  analysis  of  the  conditions 
necessary  for  its  occurrence  gives  a  clew  to  the  preventive  meas- 
ures. 
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Inasmuch  as  oxygen  is  necessary,  the  enclosing  of  the  combus- 
tible substances  in  airtight  fireproof  cans  or  other  containers  will 
effectively  prevent  the  occurrence  of  such  fires,  or  at  the  very  least 
will  prevent  the  spread  of  such  fires  as  might  occur  in  spite  of  the 
precautions  taken.  It  is  impossible  to  exclude,  from  a  mass  of  oil- 
soaked  wipers  for  instance,  the  air  which  is  included  in  the  tiny 
spaces,  but  it  is  quite  possible  to  limit  such  fires,  as  might  happen, 
to  the  fireproof  cans  in  which  they  occur  and  in  which  they  can  do 
little  or  no  damage. 

As  an  excess  of  oxygen  is  a  deterrent  to  spontaneous  combustion 
the  latter  may  be  prevented  by  laying  the  susceptible  material  in  a 
thin  layer  freely  exposed  to  the  air  so  that  all  the  heat  generated 
will  be  carried  away  quickly  and  the  temperature  of  the  mass  saved 
from  rising  at  any  time.  This  method  of  procedure  cannot  often 
be  followed  and  is  suitable  only  for  such  substances  as  coal  and 
sawdust  when  plenty  of  room  is  available. 

As  an  excess  of  water  precludes  the  actual  contact  of  the  com- 
bustible with  the  oxygen  necessary  for  burning,  it  is  often  good 
practice  thoroughly  to  soak  the  material  with  water.  This  is  quite 
effective  in  the  case  of  waste,  straw,  wipers,  etc.,  when  there  is  not 
any  oil  present.  The  presence  of  oil  sometimes  renders  the  danger 
greater  because  the  oil  prevents  the  water  from  touching  the  sur- 
face of  the  fibres  and  at  the  same  time  supplies  the  moisture  neces- 
sary for  the  combustion. 

Lastly,  it  is  of  the  utmost  importance  that  collections  of  mate- 
rial threatening  spontaneous  combustion  be  not  allowed  to  accumu- 
late beyond  easily  handled  quantities,  and  that  these  be  removed  at 
regular  and  frequent  intervals  of  time.  Suitable  receptacles  should 
be  provided  at  convenient  locations  for  the  deposition  of  such  mate- 
rial and  these  should  be  emptied  in  an  invariable  routine  manner. 
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COAL* 

From  Bureau  of  Mines,  Department  of  the  Interior,  U.  S.  Government 

THE  wisdom  of  establishing  large  storage  piles  is,  of  course,  a 
matter  which  must  be  determined  from  the  facts  in  each  case. 
The  conditions  of  storage  of  coal  are  so  varied  as  to  make  it 
necessary  to  apply  general  principles  in  each  case  rather  than  specific 
directions. 

It  is  to  be  recommended  that  coal  should  be  stored  in  small  quan- 
tities as  near  to  the  point  of  consumption  as  possible.  Small  coal 
piles  rarely  ignite  from  spontaneous  combustion.  Coal  should  be 
stored  near  the  point  of  use  to  avoid  re-handling,  extra  transporta- 
tion, and  the  degradation  of  size  which  follows  each  re-handling. 
For  these  reasons  the  Bureau  would  advocate  storage,  so  far  as  pos- 
sible, in  the  bins  and  yards  of  the  ultimate  consumer,  thus  dividing 
the  risk  of  loss  from  spontaneous  combustion. 

If  large  storage  piles  are  necessary,  certain  general  principles  must 
be  borne  in  mind.  The  generation  of  heat  is  the  result  of  oxi- 
dation of  the  coal  surface.  The  oxidation  is  much  more  rapid  from 
freshly  mined  coal  or  from  freshly  broken  surfaces.  The  oxidation 
rate  increases  rapidly  with  increased  temperature.  Different  coals 
have  different  oxidizing  rates.  These  facts  lead  to  the  following 
recommendations : 

RECOMMENDATIONS 

Where  there  is  choice  of  coal  to  be  stored,  that  having  the  lowest 
oxidizing  rate  should  be  chosen,  if  known. 

Between  two  coals,  that  which  is  least  friable,  and  therefore  which 
presents  the  least  total  coal  surface  in  the  pile,  should  be  selected. 

The  method  of  handling  should  be  such  as  to  produce  the  least 
freshly  broken  coal  surface. 

•  So  many  inquiries  reach  the  Bureau  of  Mines,  Department  of  the  Interior,  con- 
cerning the  spontaneous  combustion  of  coal  that  the  Bureau  has  issued  this  general 
statement  on  the  subject. 
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The  coal  should  be  as  cool  as  possible  when  piled.  Piling  warm 
coal  on  a  hot  day  is  more  likely  to  produce  spontaneous  combustion. 

The  coal  must  be  kept  from  any  extraneous  source  of  heat. 

Alternate  wetting  and  drying  of  coal  during  piling  is  to  be  avoided 
if  possible. 

The  fine  coal,  or  slack,  which  furnishes  the  larger  coal  surface  in 
the  pile,  is  the  part  from  which  spontaneous  combustion  is  to  be  ex- 
pected.   Piling  of  lump  coal  where  possible  is  therefore  desirable. 

In  the  process  of  handling,  if  the  lump  coal  can  be  stored  and 
the  fine  coal  removed  and  used  immediately,  the  practice  prevents 
spontaneous  combustion  in  coals  which  would  have  otherwise  given 
trouble. 

The  sulphur  content  of  coal  is  believed  by  many  to  play  an  im- 
portant role  in  spontaneous  combustion.  The  evidence  on  this  point 
is  still  conflicting,  but  to  play  safe,  it  is  desirable  to  choose  coal  hav- 
ing a  lower  sulphur  content,  when  choice  is  possible. 

There  is  a  current  belief  that  dissimilar  coals  stored  in  one  pile  are 
more  liable  to  spontaneous  combustion.  The  evidence  on  this  point 
is  also  conflicting,  but  to  play  safe,  it  is  advisable  to  store  only  one 
kind  of  coal  in  a  pile. 

The  ground  on  which  a  coal  pile  is  built  should  be  dry. 


The  foregoing  recommendations  are  all  derived  from  the  factors 
affecting  the  heating  of  coal. 

There  should  be  no  spontaneous  combustion,  whatever  the  heat- 
ing rate,  provided  the  heat  is  carried  away  as  rapidly  as  produced. 
This  fact  brings  about  the  following  recommendations  : 

COOLING 

Coal  piles  should  be  so  made  that  there  is  ready  movement  of  air 
for  ventilation  throughout  all  parts  of  the  coal  pile.  This  is  the 
condition  when  the  entire  pile  is  made  of  coarse  lump  coal.  With 
ordinary  coal  piling  this  is  difficult. 

The  surfaces  of  coal  piles  should  be  so  exposed  as  to  allow  the 
pile  to  cool ;  or  else  the  coal  should  be  so  stored  that  air  circulation 
within  the  pile  is  very  small.  When  the  air  circulation  is  reduced  to 
a  minimum,  as  in  an  airtight  bin  wath  no  opening  in  the  bottom,  the 
oxygen  of  the  air  is  soon  removed  and  the  mass  of  the  coal  lies  in 
an  inert  atmosphere,  except  for  small  local  circulation  near  the  sur- 
face. Air-tight  bins  are  usually  impracticable,  but  the  following 
practice  is  recommended  to  approximate  these  conditions : 
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MIXED  SIZES 

In  making  a  coal  pile  of  mixed  sizes,  the  coal  should  be  so  handled 
as  to  make  a  homogenous  pile  and  prevent  the  segregation  of  coarse 
and  fine  coal.  This  frequently  determines  the  most  desirable  ma- 
chinery for  unloading  coal. 

HEIGHT  OF  PILE 

It  is  common  practice  to  limit  the  height  of  a  coal  pile,  this  for 
two  reasons : — A  pile  too  high  crushes  the  lower  layers  of  coal,  pro- 
ducing more  fines ;  the  larger  the  pile  the  less  heat-dissipating  sur- 
face there  is  exposed  in  proportion  to  the  heat  generating  capacity 
of  the  pile.    Twelve  feet  in  height  is  a  common  limit. 

TEMPERATURES 

Whatever  precautions  are  taken  in  choice  and  handling  of  coal, 
provision  should  be  made  for  keeping  track  of  the  temperature  rise 
in  a  coal  pile  and  for  rapid  re-handling  of  portions  of  a  pile  in  case 
of  excessive  heating.  A  coal  pile  covering  a  considerable  area 
should  be  so  subdivided  that  in  case  of  spontaneous  combustion  of  a 
portion,  the  heat  will  not  be  transmitted  to  the  whole  pile,  thus  ac- 
celerating the  heating  of  portions  of  the  pile  which  normally  would 
have  remained  cool. 

To  keep  track  of  the  temperature  of  coal  piles,  it  is  recommended 
that  Yz  in.  iron  pipes  be  driven  vertically  into  the  pile  at  distances  of 
15  or  20  ft.  apart.  A  maximum  thermometer  lowered  into  the  pipe 
to  varying  depths  will  indicate  the  temperature  of  the  pile  opposite 
the  thermometer. 

A  survey  of  the  pile  and  a  survey  of  the  temperature  of  all  parts 
of  the  pile  should  be  made  twice  a  week  during  the  first  three  months 
after  the  pile  is  made,  and  once  a  week  thereafter  until  the  pile  has 
evidently  ceased  to  heat.  As  soon  as  any  portion  of  the  pile  reaches 
a  temperature  of  150  deg.,  provision  should  be  made  for  removing 
that  portion  of  the  pile.  Actual  removal  need  not  begin  until  the 
temperature  has  reached  180  deg.,  but  at  these  temperatures  the  rate 
of  oxidation  is  dangerously  rapid.  The  object  of  re-handling  the 
coal  is  to  allow  it  to  cool  below  a  dangerous  temperature.  Any 
method  of  re-handling  which  does  not  allow  of  cooling  will  only 
transfer  the  difiiculty  from  the  old  pile  to  the  new  one.  It  is  usually 
useless  to  employ  water  in  an  attempt  to  cool  a  coal  pile. 

Lack  of  provision  for  rapid  reloading,  cooling,  and  repiling  of  coal 
is  the  cause  of  serious  loss  from  spontaneous  combustion. 
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DISCUSSION 

The  President  :  The  fuel  Administration  is  urging  us  all  to 
store  all  the  coal  we  can.  In  my  own  business  we  have  made  pro- 
vision to  store  about  four  months'  supply.  To  avoid  having  to  cart 
it  from  the  cars  and  then  haul  it  back  again  we  propose  to  store  it 
in  deep  bins  adjoining  the  power-plant.  We  have  searched  through 
every  record  w.e  could  find  and  have  interviewed  several  concerns 
having  had  experience  in  the  handling  of  coal,  to  learn  how  high  it 
is  safe  to  pile  coal  without  risk  of  fire  by  spontaneous  combustion. 
We  find  there  is  a  woeful  lack  of  any  definite  information  on  this 
subject.  One  of  the  schemes  frequently  used  is  to  set  vertical  3  in. 
pipes  in  the  coal  pile,  extending  down  near  the  bottom  with  the  idea 
of  getting  air  down  there. 

It  occurred  to  us  that  the  thing  to  do  is  to  put  a  6  in.  pipe  down 
with  a  three  in.  pipe  inside  of  it;  let  the  3  in.  pipe  extend  out  about 
twice  the  height  that  it  goes  down  into  the  pile,  with  the"  idea  of 
forming  a  chimney  which  would  draw  air  down  into  the  bottom  of 
the  6  in.  pipe  and  then  pass  up  through  the  3  in.  pipe.  The  question 
then  is  how  to  distribute  the  air  when  we  get  it  to  the  bottom. 

Others  have  put  in  air  lines  with  horizontal  perforated  pipes  about 
every  4  ft.  through  the  bottom  of  the  pi^e,  but  spontaneous  combus- 
tion has  taken  place  w^ith  this  method.  The  coal  becomes  so  dense 
that  air  does  not  circulate  and  w^hen  they  later  cut  the  coal  pile  down 
they  have  found  it  is  all  ashes  and  clinkers  at  the  bottom. 

Others  have'  run  perforated  steam  pipes  for  the  same  purpose ; 
others  have  run  water  pipes  ;  but  all  of  the  schemes  have  failed.  No- 
body knows  definitely  whether  they  failed  at  10  ft.,  12  ft.,  40  ft.,  or 
what  the  depth  was. 

William  G.  Fraser  :  We  usually  use  a  nozzle  which  is  dropped 
from  a  tower  out  in  the  yard  where  there  is  coal  and  lumber  stored, 
w'hich  is  operated  by  hand  in  case  of  a  fire.  This  works  very  nicely 
on  wood  fires,  such  as  cordwood  and  pulp,  around  paper  mills.  I 
do  not  think  it  would  help  much  in  putting  out  a  coal  fire,  not  being 
able  to  get  at  the  source  of  fire  and  heat. 

Herbert  G.  Thomas  :  I  would  like  to  ask  if  any  one  has  had  any 
experience  in  the  flooding  of  large  coal  bins  either  by  large  pipes 
inserted  through  the  coal  or  else  by  putting  water  on  top,  using  a 
pit  down  in  the  ground  with  the  coal  below  the  ground  level. 

The  President  :  If  there  is  any  way  by  which  we  can  provide 
some  means  for  extinguishing  fires  which  start  in  coal  bins,  or  better 
yet,  prevent  such  fires  taking  place,  the  sooner  it  is  made  known 
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the  better.  It  would  be  exceedingly  valuable  if  every  one  of  you 
would  appoint  yourself  a  committee  of  one  to  write  to  the  Secre- 
tary of  the  Society  just  as  soon  as  you  hear  of  such  a  case,  explain- 
ing in  detail  what  means  were  taken  to  prevent  it  or  stop  it. 

R.  CoLLAMORE :  If  I  remember  correctly,  Sears,  Roebuck  &  Com- 
pany of  Chicago,  111.,  have  a  coal  storage  vault  next  to  their  power- 
plant  where  they  store  coal  under  water. 

The  President  :  I  was  informed  that  the  Western  Electric  Com- 
pany of  Chicago  provided  for  storing  coal  under  water,  but  never 
used  the  method.  I  suppose  it  was  on  account  of  their  ability  to  get 
all  the  coal  they  wanted  as  they  needed  it. 

C.  W.  Obert  :  I  was  fortunate  in  having  the  opportunity  several 
years  ago  to  visit  the  great  Shadyside  storage  yard  of  the  New  York 
Edison  Co.,  on  the  west  bank  of  the  Hudson  River  opposite  New 
York  City,  when  they  had  their  first  spontaneous  combustion  fire  in 
one  of  the  large  coal  piles.  They  have  there  a  large  outdoor  storage 
yard  for  coal  at  the  terminal  of  the  New  York,  Susquehanna  and 
Western  Railroad,  and  they  were  piling  it  in  a  big  flat  pile  12  or 
15  ft.  deep,  about  1000  feet  long  and  over  100  ft.  wide.  The  pile 
showed  signs  of  heating  and  gradually  broke  into  a  fire.  In  those 
days  the  handling  of  a  fire  of  this  kind  was  not  so  well  understood 
as  at  the  present  time  and  they  lost  a  large  portion  of  the  pile. 

They  first  tried  to  pump  water  on  the  pile,  and  of  course  the  water 
met  the  coking  portion  of  the  pile  but  it  could  not  reach  the  fire, 
They  poured  thousands  and  thousands  of  gallons  of  water  on  the 
pile,  but  it  had  no  effect  whatever. 

The  next  attempt  was  to  drive  pipes  into  the  pile  and  force  water 
in  through  the  pipes.  Usually  the  pipe  would  stop  up,  either  through 
the  melting  of  the  point  due  to  the  intense  heat  of  the  fire,  or 
clogging  with  the  coking  that  was  formed  at  the  edge  of  the  fire; 
they  could  not  get  water  through  the  pipes.  Later  on  some  form  of 
steel  point  was  fitted  on  the  pipe  and  water  was  successfully  gotten 
through  the  pipe  after  it  was  driven  down  to  the  fire  section,  and 
water  injected  into  the  fire  did  locally  extinguish  the  fire.  But  the 
water  could  not  be  pumped  for  any  distance  into  the  adjacent  por- 
'aon  of  the  fire. 

B.  S.  Harrison  :  I  have  been  told  that  there  is  a  method  of  pre- 
venting fire,  but  that  it  is  not  feasible.  That  is,  if,  as  the  fresh  coal 
is  piled,  ashes  are  filled  into  it  at  the  same  time,  so  as  to  fill  the 
interstices,  the  coal  will  not  catch  fire  spontaneously.  But  in  using 
the  coal  afterward  it  has  to  be  sifted  and  I  do  not  consider  that  the 
method  is  feasible. 


No.  499 

TOPICAL  DISCUSSION 

FUEL  CONSUMPTION  REQUIRED  FOR  OPERATION  OF 

AIR  WASHERS 


The  President  :  This  subject  is  one  that  I  think  was  brought  up 
through  an  inquiry  made  by  the  head  of  the  Fuel  Administration  of 
the  State  of  New  Jersey  to  an  officer  of  the  War  Industries  Board. 
It  was  suggested  to  the  Secretary  that  possibly  we  might  all  be  more 
or  less  interested  in  the  proposition. 

The  question  arose  from  a  case  wherein  somebody  requested  that 
the  Fuel  Administration  of  New  Jersey  have  all  air  washers  pro- 
hibited from  use  in  schools,  churches,  theatres  and  public  buildings. 
The  Fuel  Administrator,  seeking  advice  before  taking  any  drastic 
action,  laid  the  proposition  before  the  War  Industries  Board.  I 
undertook  to  show  that  there  is  a  very  wide  difference  in  the  way  air 
washers  are  put  in ;  that  in  the  classes  of  buildings  such  as  he  was 
referring  to,  particularly,  they  were  supposed  to  have  automatic  reg- 
ulation ;  if  they  do  have  it,  then  it  does  not  take  as  much  fuel  to  run 
a  heating  plant  with  an  air  washer  as  it  does  to  run  it  without. 

I  pointed  to  results  I  knew  of  whereby  a  saving  of  15  to  30  per  cent 
was  gained  by  a  properly  installed  humidifying  plant,  which  is  due 
to  two  things,  of  course,  as  you  all  know :  One  being  that  we  do 
not  have  to  have  as  high  a  temperature  in  the  building ;  and  the  other 
is  that  all  the  heat  we  put  into  the  water  for  humidifying  or  spraying 
purposes  is  used  effectively  in  heating.  His  idea  was  that  we  were 
using  cold  water  all  the  time;  that  we  raise  the  temperature  of  the 
air  with  a  tempering  coil  and  then  it  goes  through  the  cold  water 
sprays,  thus  being  cooled  down  again,  after  which  you  have  to  heat 
it  up  again.  Somebody  had  been  giving  him  incorrect  information, 
hence  he  had  an  idea  that  there  was  a  50  per  cent  loss  of  coal. 

F.  A.  De  Boos  :  Mr.  J.  H.  Brady,  engineer  of  the  schools  of 
Kansas  City,  has  during  the  past  winter,  in  a  severe  cold  spell,  re- 
circulated his  air  where  air  washers  were  used.  A  good  deal  of  dis- 
cussion has  taken  place  before  the  Society  on  the  recirculation  of 
washed  air  in  buildings.     However,  people  in  general  look  a  little 
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askance  at  recirculating  air  continuously  in  buildings,  and  I  believe 
in  some  states  there  are  state  laws  against  it.  But  we  have  no  such 
laws,  and  Mr.  Brady  found  that  in  recirculating  in  very  cold  weather 
he  had  a  very  considerable  fuel  saving. 

This  is  one  concrete  illustration  that  might  be  brought  to  the  Fuel 
Administrator's  attention.  Because  in  two  of  the  buildings  of  very 
large  size  (handling-!  think  possibly  150,000  cu.  ft.  of  air  per  min.  in 
each  building — the  cost  of  the  building  I  think  was  $800,000)  he 
recirculates  the  air  in  extreme  cold  weather  and  has  found  that  by 
operating  the  plant  both  ways  he  makes  a  very  material  fuel  saving 
and  there  are  no  complaints.  He  says  as  a  matter  of  fact  that  the 
teachers  know  nothing  about  it.  He  simply  instructs  the  engineer 
when  to  recirculate  and  when  not,  and  the  inspector  happens  around 
to  see  that  he  does  it;  and  he  has  accomplished  those  results. 

Furthermore,  Mr.  Brady  has  the  cost  of  heating  eighty  school 
buildings  of  Kansas  City  on  a  per  cubic  foot  basis.  Some  of  these 
have  air  washers  and  some  have  not ;  and  I  am  sure  that  you  can  get 
some  actual  concrete  facts  on  air  washer  performance  from  Mr. 
Brady. 

The  President  :  There  is  one  thing  that  we  have  somewhat  over- 
looked, the  possibility  of  saving  heat  as  just  stated  by  Mr.  DeBoos 
in  the  work  that  is  being  done  by  Mr.  Brady.  It  is  a  well  known 
fact  that  the  carbonic  acid  gas  can  be  almost  entirely  eliminated  by 
passing  it  through  a  spray  of  lime  water,  which  is  a  very  inexpensive 
way  of  getting  rid  of  it. 

Now  in  a  recirculation  air  plant  in  a  building  that  is  equipped 
with  an  air  washer  and  a  spraying  machine  with  lime  water  we  can 
save  a  lot  of  coal  if  we  will  only  arrange  the  plant  so  that  that  can 
be  done.  Due  to  the  difference  in  the  temperature  of  the  incoming 
air  before  heating  it,  it  should  be  possible  to  cut  the  coal  20  or  25 
per  cent,  at  least  in  fairly  cold  weather. 

The  more  general  expression  we  get  on  this  subject,  and  the  more 
facts  we  can  present  to  the  people  through  our  Secretary  and  our 
Publication  Committee,  the  more  good  we  can  accomplish.  It  should 
be  the  duty  of  every  one  of  you  to  send  to  the  Secretary  whatever 
data  you  have  as  to  what  has  been  accomplished  so  the  public  can 
be  fully  informed  and  educated  to  understand  such  matters  from  a 
different  viewpoint  than  heretofore. 

M.  F.  Thomas:  I  would  like  to  ask  if  they  found  it  necessary  to 
use  a  certain  amount  of  fresh  air  in  order  to  avoid  having  the  mois- 
ture content  too  high  in  the  air  that  thev  recirculate. 
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The  President  :  That  is  not  necessary  if  they  have  an  automatic 
regulating  apparatus.  At  Newark,  N.  J.,  there  is  a  Court  House  in 
which  very  expensive  decorations  were  ruined  by  the  condensation 
which  collected  on  the  walls  due  to  the  use  of  an  air  washer  without 
automatic  regulation.  That  is  likely  to  happen  in  any  building  by 
putting  in  an  air  washer  which  has  a  spray  system  that  gives  too  fine 
a  spray.  An  air  washer  and  a  humidifier  are  two  separate  and  dis- 
tinct things.  An  air  washer  is  simply  a  machine  for  washing  impuri- 
ties out  of  the  air.  That  should  not  be  attempted  with  a  mist  spray ; 
it  should  be  done  by  a  washing  or  scrubbing  effect.  The  latter  will 
not  be  accomplished  by  the  amount  of  water,  either  as  rain  or  spray, 
that  is  used.  It  depends  on  the  amount  of  scrubbing  surface  that  is 
kept  wet,  on  which  dustparticles  can  gather  and  be  washed  away.  A 
humidifier,  on  the  other  hand,  is  a  machine  fitted  with  spray  nozzles 
which  subdivides  the  water  into  a  fine  mist ;  and  the  nearer  the  mist 
gets  to  a  perfect  fog,  the  nearer  it  is  getting  to  perfection  in  the 
efficiency  of  the  machine  as  a  humidifier.  The  volume  of  the  water 
must  be  regulated ;  also  the  temperature,  to  harmonize  properly  with 
the  volume  and  temperature  of  the  incoming  air,  all  of  which  requires 
automatic  devices  for  control.  The  mistake  made  at  Newark  was 
that  they  had  a  machine  fitted  with  a  mist  spray  with  no  automatic 
control. 

Charles  A.  Booth  :  Although  I  have  no  actual  figures,  the  facts 
shoilld  be  brought  to  the  attention  of  the  Fuel  Conservation  Board. 
So  far  as  fuel  conservation  is  concerned,  an  ordinary  air  washer  with 
humidity  control  would  take  a  very  small  percentage  of  the  whole 
amount  of  power  required  for  heating  the  building.  If  ventilation 
were  not  considered  at  all  and  if  there  were  no  ventilation,  of  course 
that  would  be  another  matter  entirely;  if  there  were  no  air  change, 
there  would  be  a  comparatively  small  loss  by  convection. 

And  then  a  humidity  control,  of  course,  requires  heat;  but  we 
must,  as  you  say,  remember  that  the  temperature  can  be  considerably 
lower  with  the  same  degree  of  comfort. 

In  regard  to  recirculating  air  and  getting  excessive  moisture,  the 
humidity  regulation  will  prevent  that  except  when  the  moisture  con- 
tent entering  the  air  washer  is  already  high;  and  in  that  case  if  that 
air  washer  had  two  separate  sets  of  sprays,  sprays  for  flooding  the 
eliminator,  washing  surfaces,  and  atomizing  sprays  that  may  be 
closed  down  when  the  entering  dew  point  is  too  high,  it  will  pre- 
vent any  trouble  from  excessive  moisture.  It  is  more  a  case  of 
inattention  and  lack  of  proper  instruction  or  enforcement  of  exist- 
ing instructions  than  it  is  of  a  faulty  system.  At  a  matter  of  fact 
such  a  condition  is  hardly  more  than  theoretically  possible  anyway. 
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William  Kent  was  born  in  Philadelphia,  March  5,  1851.  After 
finishing  the  course  of  instruction  provided  by  the  city  schools,  he 
perceived  the  need  of  further  education  and  attended,  for  five 
years,  the  night  classes  at  Cooper  Union,  in  New  York.  He  then 
entered  Stevens  Institute  of  Technolog}%  graduating  in  1876  with 
the  degree  of  Mechanical  Engineer.  Later  in  life  he  also  received 
the  degree  of  Doctor  of  Engineering  from  Syracuse  University. 

For  the  two  years  immediately  following  his  graduation  from  Stev- 
ens Institute,  Mr.  Kent  was  editor  of  the  American  Manufacturer 
and  Iron  World  of  Pittsburgh  and  then  became  associated  with  the 
Schoenberger  Steel  Company  and,  later,  the  Babcock  and  Wilcox 
Company.  During  this  period  he  worked  out  many  inventions  in 
connection  with  boilers  and  furnaces  and  subsequent  years  show 
numerous  other  inventions  to  his  credit,  notably  the  wing-wall 
furnace  and  a  gas  producer  similar  to  the  Dawson.  Other  indus- 
trial connections  were  with  the  Spring  Torsion  Balance  Scale  Com- 
pany and  the  Sandusky  Foundry  and  Machine  Company. 

After  a  period  spent  in  practice  as  a  consulting  engineer,  Mr. 
Kent  became  associate  editor  of  Engineering  Nezvs  and  continued 
in  this  work  from  1895  until  1903,  when  he  accepted  the  position 
of  Dean  of  Mechanical  Engineering  in  the  L.  C.  Smith  College  of 
Applied  Science  at  Syracuse  University.  In  1910  he  resumed  his 
practice  as  a  consulting  engineer,  at  the  same  time  acting  as  con- 
tributing editor  to  Industrial  Engineering. 

Mr.  Kent  lectured  at  many  colleges  and  technical  schools,  includ- 
ing Yale,  Cornell  and  the  University  of  Illinois.  He  was  an 
authority  on  steam  boiler  practice  and  shop  management,  an  inves- 
tigator of  note  and  also  spent  much  time  on  patent  cases  in  an 
expert  capacity.  He  was  the  author  of  Steam  Boiler  Economy, 
Investigating  an  Industry,  Bookkeeping  and  Cost  Accounting  for 
Factories,  and  the  Mechanical  Engineers'  Pocket-Book,  which  has 
been  of  such  signal  benefit  to  the  engineering  profession  and  has 
made  his  name  known  the  world  over. 

Mr.  Kent  was  a  member  of  many  of  the  engineering  societies 
of  America,  and  held  various  important  offices  in  them.  He  became 
a  member  of  this  Society  in  1898  and  was  elected  President  in 
1905.  His  work  in  the  Society  contributed  largely  to  its  advance- 
ment and  he  was  held  in  great  love  and  respect  by  the  members. 
He  died  at  his  summer  home  at  Gananoque,  Ont.,  on  September  18. 
1918. 
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